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The fast lane is fas 


O ur new Tlirbo 
Pascal® 4.0 is so 
fast, it’s almost 
reckless. How fast? 

Better than 27,000 lines 
of code per minute. That’s 
much faster than 3.0 or 
any other Pascal compiler 
and the reason why you 
need 4.0 today. 

Pascal. The fastest 
and the best. 

If you’re just now 
learning a computer lan¬ 
guage, learn Pascal. If 
you’re already program¬ 
ming in Pascal, you’re 
programming with a 
winner because Pascal is 
the worldwide language 
of choice. Pascal is the 
most popular language 
in university computer 
science classes and with 
computer enthusiasts 
who appreciate Pascal’s 
modern programming 


structure. It’s powerful, 
coherent, easy to learn 
and use—and with Hirbo 
Pascal 4.0—faster than 
ever before. 

Turbo Pascal: 
Technical excellence 

Commitment to tech¬ 
nical excellence and 



superiority also means 
commitment to detail, 
however painstaking, and 
that takes time. 4.0’s pre¬ 


decessor, Hirbo Pascal 
3.0 is the worldwide 
standard, and with Hirbo 
Pascal 4.0, we’ve bet¬ 
tered that standard. 4.0 is 
clearly the world’s fastest 
development tool for the 
IBM® PS/2 series, PC’s 
and compatibles—and the 
world’s favorite Pascal 
compiler. 

4.0 breaks the 
code barrier 

No more swapping 
code in and out to beat 
the 64K code barrier. 
Designed for large pro¬ 
grams, Hirbo Pascal 4.0 
lets you use every byte of 
memory in your compu¬ 
ter. You paid for all that 
memory, now you can use 
it freely. 


For the IBM PS/2 and the IBM and 
Compaq families of personal computers 
and all 100% compatibles. 



Vl?Cf 

■ ■ 1 1 f I want to upgrade to Itirbo Pascal 4.0 

M. • and the 4.0 Toolboxes 

Registered owners have been notified by mail. If you are a registered Turbo Pascal user and 
have not been notified of Version 4.0 by mail, please call us at (800) 543-7543. Tb upgrade if 
you have not registered your product, just send the original registration form from your manual 
and payment with this compieted coupon to: 

Pascal 4.0 Upgrade Dept. Name_ 

Borland International Rhip Addrpss 

4585 Scotts Valley Drive p. 

Scotts Valley. CA 95066 - 

Zip_Tblephone ( ) _ 


This offer is limited to one upgrade per valid registered product. It is good until November 30,1987. Not good with any other offer from Borland. Please allow 4 to 6 
weeks for delivery of Toolboxes. 

Outside U.S. make payments by bank draft payable in U.S. dollars drawn on a U.S. bank. CODs and purchase orders will not be accepted by Borland. 






















ter than ever before! 



4.0 uses logical 
units for separate 
compilation 


Pascal 4.0 lets you 
break up the code gang into 
“units,” or “chunks.” These 
logical modules can be 
worked with swiftly and 
separately—so that an 
error in one module is 
seeable and fixable, and 
you’re not sent through all 
your code to find one error. 
Compiling and linking these 
separate units happens in a 


flash because your compil¬ 
ing horsepower is better 
than 27,000 lines a min¬ 
ute.* And 4.0 also includes 
an automatic project Make. 

4.0’s cursor 
automatically lands 
on any trouble spot 

4.0’s interactive error 
detection and location 
means that the cursor 
automatically lands where 
the error is. While you’re 
compiling or running a 
program, you get an error 
message at the top of your 
screen and the cursor flags 
the error’s location for you. 

4.0 gives you an 
integrated program¬ 
ming environment 

4.0’s integrated environ¬ 
ment includes pull-down 
menus and a built-in editor. 
Your program output is 


automatically saved and 
shown in the output 
window. You can Scroll, 

Pan, or Page through all 
your output and know 
where everything is all the 
time. Given 4.0’s integra¬ 
tion, you can edit, compile, 
find and correct errors—all 
from inside the integrated 
development environment. 

You’ll never lose your 
mind, because 4.0 
never loses your place 

Whenever you re-load 4.0, 
it remembers what you and 
it were doing before you 
left. It puts you right back 
in the editor with the same 
file and in the same place 
as you were working last. 

•Run on an 8 MHz IBM AT. 

**lf within 60 days of purchase this product does not perform in 
accordance with our claims, call our customer service department, and 
we will arrange a refund. 

All Borland products are trademarks or registered trademarks of Bor¬ 
land International, Inc. Other brand and product names are trademarks 
or registered trademarks of their respective holders. 

Copyright © 1987 Borland International, Inc. Bl 1159 



Please check box(es) Sugg. Retail Upgrade Priced Serial No. 


□ TVirbo Pascal 4.0 Compiler $ 99.95 $ 39.95 

□ Tlirbo Pascal 4.0 Developer'^ Library 395.00 150.00 

(Includes Ihrbo Pascal Tiitor and all Tbolboxes; must be ordered with Compiler) 


□ 

Tbrbo Pascal Tbtor 

69.95 

19.95 

□ 

Tbrbo Pascal Database Tbolbox 

99.95 

29.95 

□ 

Tbrbo Pascal Graphix Tbolbox 

99.95 

29.95 

□ 

Tbrbo Pascal Editor Tbolbox 

99.95 

29.95 

□ 

Tbrbo Pascal Numerical Methods Tbolbox 

99.95 

29.95 

□ 

Tbrbo Pascal Gameworks 

99.95 

29.95 


Tbtal product amount 

CA and MA residents add sales tax 

Shipping and handling* 

Tbtal amount enclosed 

Please specify diskette size: □ bVY' □ SW' 
Credit card expiration date:_/_ 


Payment: □ VISA □ MC □ Check □ Bank Draft 


*ln US please add $5 shipping for each product ordered or $15 for the Compiler and Developer's Library. Outside US please add $10 shipping and handling for each 
product ordered or $25 for the Compiler and Developer's Library. 

tTo quality for the upgrade price you must give the serial number of the equivalent product you are upgrading. 
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Program in the 
fast lane with 
Borland’s new 
Turbo Pascal 4.0. 



Now’s the time 
for a fast decision: 
Upgrade now to 4.0! 


Compatibility with 
Turbo Pascal 3.0 

We’ve created 4.0 to 
be highly compatible with 
version 3.0 and included a 
conversion program and 
compatibility units to help 
you convert all your 3.0 
programs to 4.0. 

Highlights of 
Borland's new 
Turbo Pascal 4.0 

■ Compiles 27,000 lines 
per minute 

■ Supports >64K programs 

■ Uses units for separate 
compilation 

■ Integrated development 
environment 


■ Interactive error 
detection/location 

■ Includes a command line 
version of the compiler 

4.0 also 

■ Saves output screen in a 
window 

■ Supports 25. 43 and 50 
lines per screen 

■ Generates MAP files for 
debugging 

■ Has graph units including 
CGA, EGA, VGA, MCGA, 

3270 PC, AT & T 6300 & 
Hercules support 

■ Supports extended data 
types (including word, long 
integers) 

■ Does smart linking 

■ Comes with a free revised 
MicroCalc spreadsheet 
source code 

/ 

4.0 is all yours for only $99.95 


Sieve (25 iterations) 


1 J 

Turbo Pascal 4.0 

Turbo Pascal 3.0 

Size of Executable File 

2224 bytes 

11682 bytes 

Execution speed 

9.3 seconds 

9.7 seconds 


Sieve of Eratosthenes, run on an 8MHz IBM AT 

Since the source file above is too small to indicate a difference in compilation speed we compiled our 60M0KU program from Turbo Gameworks to give 
you a true sense of how much faster 4.0 really is! 

Compilation of GO.PAS (1006 lines) 



Turbo Pascal 4.0 

Turbo Pascal 3.0 

Compilation speed 

12 seconds 

3.6 seconds 

Lines per minute 

27,436 

16,750 


GO PAS compiled on an 8 MHz IBM AT 60-Day Money-Bdck Guarantee * * 



BORLAND 

INTERNA T I 0 N A L 


For the dealer nearest 
you or to order call 

(800) 543-7543. 
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The wait may be kill¬ 
ing us all—but just 
another few months 
and OS/2 will come 
on the scene to clear 
the air itself. Until 
then, our cover suite 
unravels the mystery 
of OS/2. 

Cover: Computer 
graphic by Joe 
Pasquale/ Editel 


Porting to OS/2 140 




FOR SYSTEMS DEVELOPERS AND INTEGRATORS 


ENTER OS/2 

TED MIRECKI 

Since it was announced last April, OS/2 has generated more 
questions than answers. What does OS/2 mean to you as a 
developer? As an end user? Will it run on PS/2s? ATs? 
Compatibles? 386 machines? Should you switch from DOS, and 
when? To answer these questions and more, we examined a 
prerelease version of OS/2 from several perspectives, beginning 
with the user interface, which is uncannily similar to DOS. 

52 

AN ARCHITECTURE FOR THE FUTURE 

MARTIN HELLER 

That 286-based AT has sat on your desk for three years, and 
those 386 machines are knocking on your door, but only now 
has an operating system appeared to take full advantage of the 
hardware you already have. The OS/2 architecture is designed 
specifically for the Intel 286; it will run on 386 machines, too. 

66 

MULTIPLE TASKS 

STEVEN ARMBRUST and TED FORGERON 

Above all of 0S/2’s trumpeted features, multitasking is the most 
anticipated and desired. OS/2 guards against corruption of your 
system while multiple programs run concurrently. 

90 

THE FLEXIBLE INTERFACE 

DAVID A. SCHMITT 

Developers, rejoice. Flexibility has come to the application 
program interface. The OS/2 API is accessible from high-level 
languages, and its easy extendibility is good for developing 
customized systems—new territory for DOS developers. 

110 

PORTING TO OS/2 

STEVEN AILMBRUST 

Existing DOS-based software can hardly ignore OS/2. Microrim 
serves as our case study of a company that decided to forge 
ahead in converting one of its products to OS/2. 

140 
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LOCAL AREA 
NETWORKS 

CONNECTIVnY PATHWAYS; APPC OR NETBIOS 

MICHAEL HURWICZ 

IBM has cleared two pathways for local area networks to follow. 

The newer APPC interface leads to program-to-program 
communications among dissimilar machines; NETBIOS 
narrows the path to communications links between 
microcomputers. APPC awaits the development of commercial ^ rr 

applications, while NETBIOS is already widely supported. 15 O 


MAINFRAME 

CONNEaiONS 

THE 9370 ATTRACTION 

DENNIS LINNELL 

IBM’s new “mini-mainframe” should find a welcome home in 
the middle layer of the corporate computing hierarchy. The 

9370 stands to become a very important player in the 

connectivity game, linking PC workstations to the larger . 

System/370 in the corporate data center. 1/4 


DATA 

MANAGEMENT 

INTERFACE DESIGN 

DAVE BROWNING 

dBASE may not be perfect, but it’s everywhere—inspiring an 

entire market of products to take care of its shortcomings. One 

such product is the UI Programmer from WallSoft Systems, 

which improves the dBASE user interface by automating screen ^ 

generation and streamlining application coding. ZUu 


TO LIVE AND BREATHE OS/2 


- On the tails of the OS/2 announcement, 

technical editor Ted Mirecki was winging his 
“ W way to Microsoft to find out more about this 

significant new operating system. For weeks he 
ate, slept, and breathed OS/2 while preparing 
this month’s cover suite. “We tried to get 
across some of the excitement I and the 

MBtfw authors felt while exploring this new 

territory,” Mirecki said. “We hope to pique people’s interest in writing 

OS/2 applications.” After his total immersion in OS/2, Mirecki came up 
feeling positive about the future of the operating system and ready to 
continue our coverage of the OS/2 story as it develops. 
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Software Tools 

For Programmers & Non-Programmers 


Get ‘State of the Art’ performance 
and save valuable time with these 
high quality utiiities! 

Opt-Tech Sort™ 

Opt-Tech Sort is a high performance Sort/Merge/Select 
utility. It can read, sort and write a file faster than most 
programs can even read the data. Example: 1,000 
records of 80 bytes can be read, sorted and a new file 
written in less than 10 seconds (IBM XT). Opt-Tech Sort 
can be used as a stand-alone program or called as a 
subroutine to over 25 different programming languages. 

All the sorting, record selection and reformatting facilities 
you need are included. A partial list of features includes: 
The ability to process files of any size. Numerous 
filetypes are supported including Sequential, Random, 
Delimited, Btrieve, dBASE 11 & III and many others. Up 
to 10 key fields can be specified (ascending or descend¬ 
ing order). Over 16 different types of data supported. 
Powerful record selection capability allows you to specify 
which records are to be Included on your output. Record 
reformatting allows you to change the structure of your 
output record and to output special fields such as record 
numbers for use as Indexes. 

MS-DOS $149. ★ NEW ★ Xenix $249. 


*NEw* Hn-I ino 

VERSION ndp VERSION 

On-Line Help allows you to easily add “Help Windows” 
to all your programs. On-Line Help is actually two help 
packages in one. You get BOTH Resident (pop-up) and 
Callable Help Systems. 

The resident version allows you to add help to any 
system. Your Help System is activated when the “Hot 
Keys” that you specify are pressed. You can then chain 
between help windows In any manner you desire. 

The callable version allows you to easily display help 
windows from your programs. A simple call to the help 
system makes the window appear. The original screen 
Is automatically restored when the help window is 
cleared. On-Line Help is callable from over 20 different 
languages. 

You have full control over the help window content, size, 
color and location. 

MS-DOS $149. Demo $10. (apply toward purchase). 


Scroll & Recall™ 

Scroll & Recall Is a resident screen and keyboard 
enhancement. It allows you to conveniently scroll back 
through data that has gone off the top of your display 
screen. Up to 27 screens of data can be recalled or writ¬ 
ten to a disk file (great for documenting systems opera¬ 
tions). Also allows you to easily recall and edit your 
previously entered DOS commands without retyping. 
Scroll & Recall Is very easy to use. It’s a resident utility 
that’s always there when you need It. MS-DOS $69. 

Visa, M/C, AMEX, Check, Money Order, COD 
or Purchase Orders accepted. 

To order or to receive additional Information just call 
and receive immediate highly qualified attention! 

Opt-Tech Data Processing 

P.O. Box 678 — Zephyr Cove, NV 89448 
_ (702) 588-3737 _ y 
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PERISCOPE'POWER 


Keeps you going full steam ahead when other 
debuggers let you down! With four models to pick 
from, you’ll find a Periscope that has just the 
power you need. 


Start with the model that fits your current needs. If you 
need more horsepower, upgrade for the difference in 
price plus SIO! 

When you move to another Periscope model, don’t 
worry about having a lot to learn... Even when you move 
to the most powerful model. Periscope III, an extra dozen 
commands are all that’s involved. 

A Periscope I user who recently began using 
Periscope III writes, “/ like the 
fact that within the first half 
hour of use I was debugging my 
program instead of learning to 
use the debugger" 



Periscope software 
& 200+ page 
manual 


■ Periscope’s software is soiid, comprehensive, and 

fiexibie. it helps you debug just about any kind of program you can 
write... thoroughly and efficiently. 

Periscope’s the answer for debugging device-drivers, memory-resident, non-DOS, 
and interrupt-driven programs. Periscope works with any language, and provides 
source and/or symbol support for programs written in high-level languages and 
assembler. 

■ Periscope’s hardware adds the power to soive the 
ready tough debugging probiems. The break out switch lets 

you break into the system any time. You can track down a bug 
instantly, or just check what’s going on, without having to 
reboot or power down and back up. That’s really useful when 
your system hangs! The switch is included with Periscope I, 
Periscope II, and Periscope III. 

Periscope I has a board with 56K of write-protected RAM. 
The Periscope software resides 
in this memory, safe from run- Periscope i Board 

away programs. DOS memory. 

Periscope Break-Out where debugger Software 
would normally reside, is 
thus freed up for your program. 

Periscope III has a board with 64K of 
write-protected RAM, which performs the 
same ^inction as the Periscope I protected 
memory. AND... 

The Periscope III board adds another powerful dimension to your 
debugging. Its hardware breakpoints and real-time trace buffer let you track down 

bugs that a software- 
oriented debugger would 
take too long to find, or 
can’t find at all! 

Periscope III Board 







What Periscope Users 
Like Best: 

"I like the clean, solid design and the crash 
recovery." Periscope I user 

“1 like the ability to break out of (a) locked 
up system! Periscope II user 

“I am very impressed with Periscope II-X 
... it has become my ‘heavy duty’ debugger 
of choice, especially if 1 need to work on a 
memory resident utility or a device driver.” 

Periscope II-X user 

”. . . Periscope III is the perfect answer to 
the debugging needs of anyone involved in 
real-time programming for the PC . . . The 
real time trace feature has saved me many 
hours of heartache already.” 

Periscope III user 

■ Periscope I includes a half-length 
board with 56K of write-protected RAM; 
break-out switch; software and manual for 
S345. 

■ Periscope II includes break-out switch; 
software and manual for $175. 

■ Periscope II-X includes software and 
manual (no hardware) for $145. 

■ Periscope III includes a full-length 
board with 64K of write-protected RAM, 
hardware breakpoints and real-time trace 
buffer; break-out switch; software and 
manual. Periscope 111 for machines run¬ 
ning up to 8 MHz is $995; for machines 
running up to 10 MHz, $1095. 

REQUIREMENTS: IBM PC, XT, AT, or close 
compatible (Peri.scope III requires hardware 
as well as software compatibility); DOS 2.0 or 
later; 64K available memory; one disk drive; 
an 80-column monitor. 

Call us with your questions. We’ll be happy 
to send you free information or help you 
decide on the model that best fits your 
needs. 

Order Your Periscope, 
Toll-Free, Today! 
800 - 722-7006 

MAJOR CREDIT CARDS ACCEPTED 


The 

PERISCOPE 

Company, Inc. 


1197 PEACHTREE ST. 
PLAZA LEVEL 
ATLANTA, GA 30361 
404/875-8080 
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MAXIMUM PERFORMANCE. . ; - ^ 

Unleash The Power Of The 386! 


Concurrent DOS uses the potential of the 386, offering 
DOS compatibility, combined with multitasking for 
single-user, and multiuser environments. Up to ten users 
can share the resources of a single system thi^ough 
simple, easy-to-connect, serial terminals as configured . 
More users can be added by purchase of a Concurrent 
DOS System Builder’s Kit. Multiuser, Multitasking 
Applications can be designed using the Concurrent DOS 
Programmer’s Toolkit. 


MAXIMUM COMPATIBILITY. . . 

Runs Concurrent DOS Multitasking 
Applications And All The Popular PC 
DOS Applications, 

The applications running on your current system 
(Lotus® 1-2-3®, dBase® ni, WordPerfect® and many 
more) are still useable and don’t have to be replaced 
with ‘‘work-ahkes” or ‘‘compatibles”. Concurrent DOS 
386 contains windowing capabilities allowing up to four 
of these applications to run from the primary system 
console. Concurrent DOS will £Jso allow popular DOS 
applications to be run from serial terminals. 
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MINIMUM INVESTMENT... 

Migrate to the Multiuser World With Minimum 
Investment! 

Protect your development investment with easy 
migration within the Intel® microprocessor family. Plus, 
a library of Concurrent DOS multiuser applications 
already exists to meet the diverse requirements of many 
user enviromnents. From medical practices to manu¬ 
facturing floors, the price/performance capabilities of 
Concurrent DOS 386 are readily available. 

Minimize your investment in software, training, and 
support, while you take advantage of the latest 
hardware/software/system technologies with Concurrent 
DOS 386. Unleash Concurrent DOS 386 and discover 
the operating system that puts power at your fingertips! 


SPECIAL FEATURES 

• PC DOS 3.3 Compatible 

• Full support of ail models of IBM® Personal 
System/2™ Series. 

• True Multitasking With Simultaneous Execution 

• Supports Multiusers Sharing Built-In Networkable Resources 

• User-Friendly 

• Easy to Install and Use 

• Lip to 255 Simultaneous Tasks 

• Support for Large Memory Systems 

• Over 1000 Business Solutions Available Worldwide 

• Full Complement of Development Tools Available 

• Three Times Faster Screen I/O Than MS® -DOS 

• Serial Port Configurability Up to 38.4K Baud 

m DIGITAL RESEARCH* 


(]()iicijrr«nl is a lra<l**rnark, anil Digilui Research an<l ihe Digilal ReHearch logo are registered tradeinarkM Digital Re.nearch Ine. IBM is a registered trademark and Personal Systeni/2 is n 
tradentark <d' Interuationai Business Machines Corporation. Other products and companies mentioned are trademarks, registered trademarks or trade names of theii' respective cniupunies. 
Copyright ©1987 Digital Research Inc. All rights reserved. 




If you thought all file managers 
were aHke^ think again. 
Think Btrieve. 



Bconnected. When your applications require 
networking, think Btrieve. A single version runs on all 
DOS 3 LANs, including IBM PC Network and Novell 
Advanced NetWare. Btrieve is also available for 
Xenix and other multi-tasking operating systems. 

Broyalty Free. No royalty payments on your 
applications. Ever. 

Bsure. Btrieve comes with comprehensive 
documentation and unrivaled technical support for 
trouble-free software development. And you can 
add Xtrieve to supply your end users with even 
more, a menu-driven report writer and query 
system. 

Think Btrieve. Make your programming 
performance stand out. Contact SoftCraft. 


SoftCiaft 

A NOVELL COMPANY 

RO. Box 9802, #917 
Austin, Texas 78766 
(512) 346^8380 Telex 358 200 


Btrieve stands out as the one file management 
system for programmers who are serious about 
productivity. With Btrieve, your programs can 
use simple subroutine calls to store, retrieve, and 
update records. It’s the file handling solution 
rich in functionality to meet your needs now 
and in the future, as your requirements 
grow and change. 

Bfast. With Btrieve you develop fast 
applications, with ease. Written in 
assembly language for IBM PCs, Btrieve 
uses b-tree algorithms with automatic 
balancing for fast, efficient file indexing. 

Bsafe. Btrieve is the only file manager 
with automatic file recovery. Two levels of 
database integrity provide complete fault 
tolerance in the event of accidents or power 
failures. 


Bflexible. Develop your PC applications 
with the capabilities you need most. 
Capabilities such as: unlimited open files, 
unlimited records per file, 24 indexes per file 
and a maximum file size of 4 gigabytes. All 
this with Btrieve plus access from any 
programming language. 


Btrieve, $245; multi-user Btrieve, $595; Xtrieve, $245; 
multi-user Xtrieve, $595 (for report generation, add $145 for single-user and $345 for multi-user). 

Requires PC-DOS or MS-DOS 2.X, B.Xor Xenix. Btrieve and Xtrieve are registered trademarks of SoftCraft Inc. 
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Evolving Systems 

OS!2 raises separate questions for developers and integrators, 
hut for both it is a significant advance over DOS 33- 


JULIE ANDERSON 



OS/2 on the brink of re- 
lease and 80286 and 80386 
▼ T processors proliferating, these 
are exciting times. PCs in corporations 
are evolving from terminal emulators 
and personal productivity^ workstations 
into platforms for developing and in¬ 
stalling strategic applications. 

We are evolving, too, as you can 
see from our updated logo and cover 
graphics, table of contents page (now 
two pages), cover stoiy (now a group 
of articles—more on that later), and 
the addition of this veiy column. 

In this Issue we addrevSS a topic 
critical to the future of personal com¬ 
puting: the advent of OS/2. We have 
been waiting since August 1984, when 
the IBM PC/AT was announced, for an 
operating system that would allow ap¬ 
plications to exploit the 16MB address 
space of the 80286 and that would sup¬ 
port true multitasking. Stopgap mea¬ 
sures such as expanded memoiy and 
context-switching environments have 
helped, but they have levied high tariffs 
on both developers and users. 

To take advantage of expanded 
memory^ developers have had to man¬ 
age the bank-switched memoiy; to use 
context-switching environments, users 
must turn into job schedulers to mul¬ 
titask our ill-behaved programs on top 
of a nonreentrant DOS. I believe that 
OS/2, with all its complexity^ will be a 
simpler environment for both develop¬ 
ers and end users. 

Because OS/2 is not scheduled for 
release until 1988, exactly what OS/2 
offers developers and users has been 
known only by attendees of Microsoft’s 
OS/2 seminars or those who have ar¬ 
ranged for a beta-test version. It is for 
this particular reason—to define and 
assess its advantages and dis¬ 
advantages—that technical editor Ted 
Mirecki compiled our coverage. 

In “Enter OS/2,’’ (p. 52) Mirecki 
describes the OS/2 user interface, in¬ 
cluding the Session Manager. “An Ai*- 


chitecture for the Future’’ (p. 66) is the 
pivotal article of the suite; in “Multiple 
Tasks,” (p. 90) we take a closer look at 
multitasking and interprocess commu¬ 
nications. “The Flexible Interface” 

(p. 110) describes the OS/2 applica¬ 
tions program interface. 

What you will not find in our cov¬ 
erage are details about the Presentation 
Manager. Although its specifications 
have been published, no release date 
has been announced, and we have not 
seen any executable code. When we 
have concrete information, we will pro¬ 
vide a similar suite of cover articles on 
the Presentation Manager. 

We prepared our OS/2 coverage 
using a prerelease version of the prod¬ 
uct; thus we are not reporting bugs 
(for now). Neither, apparently, are the 
developers working with OS/2. Mark 
Mackaman, Microsoft’s OS/2 product 
manager, claims that fewer than a 
dozen bugs have been reported to the 
company, none serious enough to war¬ 
rant redistribution of the kernel. Micro¬ 
soft has not released a new version of 
the kernel since May 1987. 

What OS/2 means to you depends 
on whether y^ou are a developer or a 
sy^stems integrator—a consultant or a 
corporate PC manager faced with the 
task of outfitting end users. Developers 


can scarcely afford to ignore the op¬ 
portunities of OS/2. Editorial director 
Will Fastie explores these opportunities 
in his New Directions column, which 
debuts in this issue on page 21. 

The biggest decision developers 
may have to make is not whether to 
convert to OS/2, but which migration 
path to follow. Should they move di¬ 
rectly to the new operating system 
without benefit of the graphical user 
interface, or should they take a detour 
to Microsoft Windows while waiting for 
the Presentation Manager. 

For character-based applications 
written in C that groan within the con¬ 
fines of 640I<B, moving directly to OS/2 
is relatively simple. This is similar to 
the situation faced by the managers at 
Microrim when they began converting 
R:BASE System V to OS/2. The OS/2 ver¬ 
sion was up and running in time for 
IBM’s big PS/2 and OS/2 announcement 
last April. Microrim’s stoiy is told in 
“Porting to OS/2” (p. 140). Numerous 
other vendors have assured us that they 
are poised with OS/2 products that will 
follow closely on the heels of IBM’s 
release of the operating system. 

Microsoft recommends that current 
DOS applications first be ported to 
Windows 2.0, which bears the same 
user interface as the Presentation Man- 
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AWK 

Tlio Softwsane 

,/gzzsAwk_ 

• the only complete version of AWK available for DOS; 

• fully compatible with the latest description in The AWK Programming 
Language, by Aho, Weinberger, and Kernighan; 

• easy to learn, giving beginners results with little effort; 

• the natural introduction to mastering the C programming language; 

• text substitution and pattern matching; 

• definable functions; 

• associative arrays and regular expressions; 

• hardware floating point and large model version; 

• rapid prototyping tool for larger programs. 


"'’^AWK-v 

Programming ^ 
Language 


Alfred V Aho 
Brian W Kernkjhan 
Peter J. Weinbercjer 


Tlw Book 

• written by the authors of the original 
UNIX-based program, Alfred V. Aho, Peter J. 
Weinberger, and Brian W. Kernighan; 

• the definitive book on AWK just as “The C 
Programming Language,” by Kernighan and 
Ritchie, defined C; 

• recently published by Addison-Wesley; 

• lists at $21.95; 

• with MKS AWK only $14.00. 


Experience the power of a UNIX programming language on your desktop PC without 
sacrificing your investment in DOS applications and training. 

AWK is a versatile first language for non-programmers and a sophisticated data retrieval 
and report generation tool for the experienced user. Based on a sequence of terse 
pattern/action rules, AWK allows you to manipulate files for retrieval, transformation, 
reduction, and validation of data. MKS AWK comes with full technical and tutorial docu¬ 
mentation to speed your mastering of this fourth generation programming language. 

MKS AWK sells for $75. 

Order both the software and the book from MKS for $89. 


Also available; 

The MKS Toolkit: over 110 UNIX-based tools for DOS including the 
Korn Shell, Vi, and AWK, complete with nearly 400 pages of 
documentation and tutorials. 

The complete package: $139. 

MKS Vi: the UNIX screen editor running under DOS at lightning fast 
speeds — it’s tuned for the PC. 

Comes with Tutorial and Reference Manual for $75. 

Mortice Kern Systems Inc., 

43 Bridgeport Road East, Waterloo, Ontario, Canada, N2J 2J4 (519) 884-2251 

uucp; {allegra, decvax, ihnp4}!watmath!mks!toolkit 
MKS AWK runs under MS-DOS 2.0 or later. Not copy protected. Prices quoted in US funds. VISA, MASTERCARD, 
American Express, uucp, and purchase orders are accepted. Overseas orders please add $10 for postage and 
handling. MKS is a registered trademark of Mortice Kern Systems Inc. UNIX Is a trademark of AT&T Bell Labs. 
MS-DOS Is a trademark of Microsoft Corp. 
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ager and will run in the real-mode 
DOS environment of OS/2. The Win¬ 
dows application can be convened 
later to the Presentation Manager and 
OS/2. Unless a graphical user interface 
is essential to an application, this mi¬ 
gration path may leave you, the devel¬ 
oper, out in the cold. V^ile your appli¬ 
cation runs only under Windows, your 
competitors’ products likely will be 
running under OS/2. Further, we do 
know that the conversion from Win¬ 
dows 2.0 to the Presentation Manager is 
nontrivial, because it involves a new 
graphical program interface (GPI). 
Microsoft is developing tools that* 
should aid in the conversion, but final 
work must be done by hand. 

Systems integrators will likely de¬ 
liver OS/2 to end users when compel¬ 
ling applications arrive—those that 
exploit the capabilities of OS/2. Only 
then will the cost of additional memory 
(minimum of 1.5MB to 2MB) and the 
$205 delta between the price of DOS 
and OS/2 be justified. 

OS/2 is not without problems, ag¬ 
gravated by the deficiencies of the 
80286 processor. Although OS/2 will 
run on 80386-based systems, it is writ¬ 
ten to the specifications of the 80286— 
supporting 16-bit registers and a maxi¬ 
mum physical memory size of 16MB in 
64KB segments, with virtual addressing 
to 1GB. Because the 80286 lacks the 
I/O permission bit-map present in the 
80386, the operating system has limited 
control over an application running in 
real mode. Therefore, in OS/2 an appli¬ 
cation in the real-mode DOS Environ¬ 
ment is given CPU time only when it is 
in the foreground, and it is possible for 
an application running in the DOS En¬ 
vironment to crash the entire system. 
Nevertheless, OS/2 represents a signifi¬ 
cant advance over DOS 3.3 as a devel¬ 
opment platform and an end-user envi¬ 
ronment. We expect to be covering 
OS/2 for many months to come. 

This brings me to the other topics 
we will cover in the coming months. In 
addition to our cover suites, we will 
include articles selected from applica¬ 
tions development, operating environ¬ 
ments, data management, local area 
networks, systems integration, expert 
systems, mainframe and minicomputer 
connections, and PC-to-PC communica¬ 
tions. Beginning this month and into 
the next year, you will see new ele¬ 
ments being added to PC Tech Journal. 
All these changes will improve the cov¬ 
erage of topics essential to performing 
your job as a systems developer and 
integrator. Ininmiiii^l 
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PC TECH JOURNAL 




TRY ORACU'S $1295 SQl DBMS 
rOR ONLY $199 TODAY. 

OR ORDER VAPORWARE. 




If you’re looking forward 
to OS/2 and the next gen¬ 
eration of PC database 
management systems to 
enable you to build larger, 
higher-quality PC applica¬ 
tions, you’ll be interested 
to know that: 

• Ashton-Tate has announc¬ 
ed its intention to replace 
its outdated database tech¬ 
nology with a SQL DBMS 
under OS/2, and 

• IBM has announced its 
intention to offer SQL for 
OS/2 in its Extended Edition. 

All you have to do is wait. Wait 
for OS/2 and SQL. Wait until mid- 
1988...or later! Meantime you 
keep developing with soon-to-be 
obsolete dBASE™ technology. 

But you don’t have to wait for 
SQL on the PC. 

Oracle has it now. And you 
don’t have to wait for OS/2 to run 
programs larger than 640K. The 
ORACLE® DBMS allows you to run 
OS/2-size programs under today’s 
MS-DOS™ 

ORACLE is the number-one sell- 


Ashton-Tate SQL 


IBM SQL 


ORACLE 


ing DBMS on both minicomputers 
and mainframes. If you try PC 
ORACLE, we think you’ll make us 
number-one on PCs, too. That’s why 
we’re making you this special offer. 

We’ve sold thousands of copies 
of PC ORACLE for $1295. But now, 
for a limited time, we will send 
you the same, full-function version 
of ORACLE for only $199.* 

That’s right. Only $199 for a PC 
SQL DBMS that is identical to the 
ORACLE that runs on minicom¬ 
puters and mainframes. $199 for 
the only PC DBMS that lets you 


write larger-than-640K, 
OS/2-size programs and 
run them under today’s 
MS-DOS. 

ORACLE makes it easy 
to write large, high- 
quality applications using 
industry-standard SQL. 
Applications that run 
faster. Applications that 
are easier to use and 
have more capability. 
Multi-user, networked 
applications. Applica¬ 
tions that can be devel¬ 
oped on MS-DOS today, and then 
run unchanged on OS/2, mini¬ 
computers and mainframes. 

So stop writing dead-end dBASE 
code today. And stop writing 
cramped, limited-to-less-than-640K 
applications. Cali 1-800-ORACLE1 
today. Or use the rightmost 
coupon. Or mail one of the other 
coupons. And wait. 


COMPATIBILITY 


Mlear Ashton-TateP 


20101 Hamilton Avenue 
Torrance, CA 90502 

Since you’ve announced your inten¬ 
tions to go to SQL, I really don’t feel 
like developing obsolete applications 
in dBASE. 1 have every confidence your 
first attempt will be full-featured and 


bug-free. Send me what you’ve got, I 

when you get it. | 

j 

1 

Name 

Title 


Company 

I 

Street 

\ 

1 

City 

f.y 

e 

State Zip 

— 


11 
11 
11 


Dew IBM, 

Old Orchard Road 
Armonk, NY 10504 


Attached is a blank check. I keep read¬ 
ing that you’ve already announced 
that you’re going to announce SQL for 
OS/2 and the Personal System/2. 

When you do, fill in the check amount. 

I Hope to hear from you sometime in 
the next couple years. 
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Company 


I I 

I I 
I I 
I I 
I I 
Zl I 
I 


City 


—-^ J 

i 

Zip 


fbear Orade, 


PC ORACLE • Oracle Corporation 
20 Davis Drive • Belmont, CA 94002 

1 want to run OS/2 ORACLE on MS-DOS today. 
I agree to use this license only for application 
development. 

Send me (check only one): 

□ PC ORACLE.$199 

□ ORACLE + 1MB Extended memory.$599 

□ ORACLE + 2MB Extended memory.$799 

I’m paying by □ Check □ VISA □ MC □ AMEX 


Print Name 

Date 


Company 

Title 


Street 

City 

State Zip 


Credit Card Number 


Card Expiration Date 



Signature 

PCTJ11 


20 Oavts Drha * Balmont. CA 94002 • Wot Id Headquarters (41S) ^8-8000 • Caloaty (403) 285-2622 • Ottawa (613) 238-2381 • Otiebac (514) 337-0755 > Toronto (416) S96-77S0 • ORACLE Systems Australia 61-2-959-5080 * ORACLE Enope 44-948-6911 • ORACLE Systama Hoag Koag 152-5-266846 
•PC ORACLE raqulres an "OSn ready'' 286/386-bas8d PC running DOS 3.1 with 1MB extandad memory (2MB It recommanded) and a minimum 10MB hard dial drhta. 

Copyrigbl & 1987 by Oracle Corporation. ORACLE Is a raglstarad trademart ot Oracia Corporation. Tbo oUnr companios monllonad own numeroui raglstarad trademarks. Ena Uio Vaporwara It trademarked. Otter valid In US only. TRBA 







































EVEN MORE POWER 
AND FLEXIBILITY 

BRIEF 2.0 


Users and industry press alike have 
unanimously proclaimed BRIEF as 
the best program editor available 
today. Now, the best gets better, 
with the release of BRIEF 2.0. 

Straight from the box, BRIEF offers 
an exceptional range of features. 
Many users find that BRIEF is the 
only editor they’ll ever need, with 
features like real, multi-level Undo, 
flexible windowing and unlimited 
file size. But BRIEF has tremendous 
hidden power in its exclusive macro 
language. With it, you can turn BRIEF 


into your own custom editor con¬ 
taining the commands and features 
you desire. It’s fast and easy. 

Jerry Poumelle, columnist for BYTE 
magazine summed it all up by saying 
BRIEF is, "Recommended. If you 
need a general purpose PC program¬ 
ming editor, look no further." His 
point of view has been affirmed by 
rave reviews in G JOURNAL, 
COMPUTER LANGUAGE. DR. 
DOBB’S JOURNAL. DATA BASED 
ADVISOR. INFOWORLD AND 
PC MAGAZINE. 


One user stated "BRIEF is one of 
the few pieces of software that I 
would dare call a masterpiece." 
Order BRIEF now and find out whv. 
BRIEF 2.0 is just $195. If you already 
own BRIEF, call for upgrade 
information. 

TO ORDER CALL: 1-800-821-2492 
(in MA call 617-337-6963) 

As always. BRIEF comes with a 
30 day money-back satisfaction 
guarantee. 



Solution 


541 Main St. 

Suite410-P 

South Weymouth, MA 02190 
(617)337-6%3 


Requires an IBM PC or compatible with 
at least 192K RAM. 


brief 2.0 enhancements! 

3tt,ese BBlEF 

eiipressiops and t installation 

Enhanced large c files 


BRIEF is a trademark of UnderWare, Inc. 

Solution Systems is a trademark of Solution Systems. 
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Edit many space 

File size IWiraO <^1 
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IT’S ALL RELATIONAL 

The article "Database Design Tech¬ 
niques" (Dave Browning, July 1987, 
p. 112) was informative , but I believe 
it does not provide sufficient explana¬ 
tion of some key concepts of "pure, 
relational design" necessan' for soft¬ 
ware de\'elopers to make database ap¬ 
plications "more efficient and effec¬ 
tive." These concepts must be explored 
in more detail becau.se their implemen¬ 
tation is absent in most database prod¬ 
ucts on the market. 

The first concept is the relation¬ 
ship between data and its definition, or 
"attribute." One difference between the 
relational database and other models, 
such as hierarchical and network data¬ 
bases, is that data, the associated appli¬ 
cations, and the data definition are 
physically .separate. An example of the 
pain that occurs when data and its defi¬ 
nition are combined is the need to 
change the human re.sources database 
application when the employee num¬ 
ber field increases in length from eight 
to nine. In the true relational model, 
the employee number field length 
could change without affecting the 
database application; of course, this is 
not alwa\'s the wa\' things work with 
toda\’’s database products. 

The second concept is the impor¬ 
tance of normalization to the relational 
operators. The author refers to join, 
intersect, and union as data manipula¬ 
tion commands that act on relational 
data. In the relational model, the.se 
"commands" are relational operators 
that corre.spond to mathematical set 
theoiy operators, and the rules of nor¬ 
malization corre.spond to theorems that 
support set theon' operations. Data that 
are not normalized can be relational 1\' 
operated on in today’s softw^are be¬ 
cause the implementation of relational 
operators is not mathematically accu¬ 
rate; however, database designs like 
the.se would be unworkable in a truly 
relational .system. 


The last concept is that index files 
do //oZ exist in the true relational 
model. Today's databases use .separate 
index files as an alternative to the so¬ 
phisticated software and hardware re¬ 
quired to emulate the mathematics of 
relational operators. 

The gap between the true rela¬ 
tional databa.se and the current genera¬ 
tion of software and hardware must be 
eliminated before we will be able to 
take ad\'antage of the functionality of 
relational models. Our challenge is to 
sufficiently understand the relational 
model in order to implement it in very 
powerful hardware and software. This 
is indeed a significant challenge for 
applications developers. 

Do/i Await 
Cocke] ’SI 'ille, A ID 

Air. Await offers for clisciissioti several 
polfits concerning relational database 
theoty a) id current relational data 
manager product implementations. 
These points are interesting, but beyond 
the scope of the article. The article was 
meant to address the topic of database 
design techniques in the context of cur¬ 
rent real-world technology, rather than 
to fnlly explore the theoretical consider¬ 
ations that were raised in Air. An alts 
letter. A proper treatment of these 
points would require a substantially 
more theoretical article. 

—Dai 'e Broil mil ig 

SHORT ON DOS 3.3 

I read the August 1987 i.ssue of PC 
Tech Journal with considerable interest. 
Mere are my views on some of the arti¬ 
cles. First, x'OLir series of articles on the 
PS/2 is superb; the\' probabh’ are the 
most comprehensive that I have seen 
to date on the subject. 

1 felt that the coverage given to 
DOS 3.3 ("Twilight of DOS,” Julie An¬ 
derson, p. 180) was insufficient for the 
readership that PC Tech Journal ad¬ 
dresses. I was pleased to find the ex¬ 


planation of the DOS file handle table 
on page 191. This information enabled 
me to adjust some software that 1 have 
written so that it can handle the DOS 
3.3 handle table. 

I lowever, in the third column on 
page 190, Ms. Anderson makes an error 
of omission in describing which DOS 
function calls a.ssign a handle to a file. 
In addition to the ones she cites, func¬ 
tions 5A (create temporan' file) and 5B 
(create new file) also result in DOS 
a.ssigning a handle. The.se calls are new 
with DOS 3.0, and unless you write 
software that uses or must be aware of 
these function calls, they easily can es¬ 
cape your attention. I found the detail 
about the new DOS 3.3 function calls 
to be sorely lacking. 1 had the expecta¬ 
tion that the article would explain the 
register meanings upon calling and re¬ 
turning from the.se functions. 

With the advent of the PS/2, IBM 
finally has awakened to the perfor¬ 
mance adwintage of disk cache .soft¬ 
ware. So, too, has PC Tech Journal, it 
.seems. This surprises me, because 
other publications in the PC industry 
ha\'e (and rightfully .so) touted disk 
cache sofm'are for some time. Not co¬ 
incidentally, I'm afraid, I al.so have 
come across many softw^are developers 
who were totally unaware of the availa¬ 
bility of disk cache packages for PCs. In 
fact, at a Microsoft Windows Develop¬ 
ment Seminar I attended in Boston ear¬ 
lier this year, the assertion that Micro¬ 
soft developers used machines 
ecjuipped with disk cache and 
AboveBoards set off a clamor that 
didn't stop for about 10 minutes. Amaz¬ 
ingly, mo.st of the developers in the 
room had not heard of such sofm-are 
for PCs! On the one hand, PC Tech 
Journal is to be chided for keeping its 
readership in the dark for such a long 
time, but complimented for finalh’ get¬ 
ting the word out about disk cache. 

Ben A lyers 
Harvard, AlA 
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Mr. Myers is correct to point out my 
oversight: in addition to the DOS func¬ 
tion calls that were mentioned in the 
article, function calls 5AH (create 
unique file) and 5BH (create new file) 
also assign a file handle. As for his 
comment about not listing the register 
contents upon calling and returning 
from a function call, the article was 
not intended to be a substitute for the 
produces technical reference manual. 
However, in this particular case, listing 
the register con let Us would have been a 


good idea, since IBM incorrectly docu¬ 
ments function calls 67H (set handle 
count) and 6811 (commit file). In both 
cases, is listed as containing the 
function code on entty rather than AH. 

—M 

LICENSE TO . . . 

We appreciate the excellent review of 
Fast Trax by Peter Aitken that appeared 
in the Product Watch section of your 
August 1987 issue (p. 211). There are a 
couple of points, however, that I would 


THE ATRON BUOBUSTERS 
CRACK DEBUGGING FOR 
COMPAQ 386$ & IBM PS/2-80s 


You already have Microsoft’s 
CodeViewAnd you’ve seen our 
ads for the Atron hardware-assisted 
software debuggers. Right? The 
Atron BugbustersI Nine of the top 
ten PC software developers use our 
debugging tools. With our new 
MiniProbe^" shortcards, you can 
use watchpoints and tracepoints in 
real time. On PCs, ATs and, now, 
COMPAQ and IBM 80386s. 
Without learning new debugging 
technology. 


device. This solves the most 
common debugging problem: Out- 
of-range pointers which overwrite 
the program code or data. Often, 
the overwrite is different after each 
new compile of the program. 

And if you need a software 
debugger which is smaller in size 
than CodeView, the Atron source- 
level debugger included with each 
MiniProbe can also use external 
memory for CodeView symbol 
table storage. 



Only $395 puls 
you into world- 
clcus debugging. 


With real-time watchpoints and 
tracepoints, a one-minute program 
will run in one minute. Not 50 
hours (the difference between 
software-only debuggers and 
hardware-assisted debuggers is a 
3000-to-l increase in efficiency). 
And if the program bug you’re 
trying to find has anything to do 
with interrupt activity, it might 
never occur when you’re debugging 
with CodeView alone. 

But with the Atron MiniProbe, 
you can trap events like reading 
and writing to memory or an 10 


So now that you don't 
have to learn a new 
debugger, the only thing 
keeping you from 
debugging like the pros is 
$395. And our phone 
number: 408/741-5900. 
Call today. Bust bugs, and 
records, tomorrow. 


THE BUGBUSTERS 

20665 Fourth Street • Saratoga, CA 95070 

© 1987 by Airon. a division of Northwest Instrument Systems, Inc. MiniProbe''' Atron. CodeView'" Microsoft. TRBA 
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like to clarity with regard to the prod¬ 
uct’s treatment in this review. 

Apparently, Mr. Aitken misunder¬ 
stood the nature of the licensing agree¬ 
ment that Mark Elfield included with 
Fast Trax. Mr. Aitken stated in the arti¬ 
cle that Fast Trax legally can be sliared 
with others; this is contran^ to Mr. El- 
field’s intention (explicitly stated) that a 
single, licensed user ma\' personally 
use the product to optimize hard disks 
on a number of machines. To avoid 
this confusion in the future, the license 
agreement has been clarified in the 
new FastTrax documentaticMi. 

In addition, we would like to in¬ 
form your readers that Fast Trax is now 
published by Bridgevv^ay Publishing, 

2165 E. Francisco Blvd., Suite Al, San 
Rafael, CA 94912, 415/485-0948. 

David W. Chard 
Bridgeii w)» Piiblishhig 
San Rafael, CA 

PROBLEM LISTING 

I am a long-term subscriber to \'our 
excellent magazine and this is the first 
time that 1 have written to you to com¬ 
plain about anuhing. On page 49 of 
the September 1987 issue, you offered 
an “Underline Fix for the EGA’’ (Tech 
Notebook 80, Geriy Kaplan). 1 entered 
the code exactly as it was printed, but 
when 1 tried to assemble it, my MASM 
program displayed an error in line 5, 
which happens to be: 

ASSUME CS:CC:)DESEG, DS:COSESEG 

I assumed that COSESEG was a typo¬ 
graphical error and changed it to read 
CODESEG, and the code assembled 
fine. I converted to a .COM file, ran it, 
and it hung up my IBM PC! 

Was there a typo in COSESEG? 

Will UNDI^INE.ASM run on an IBM PC 
with an NEC Multisync EGA Monitor 
connect to an NEC GB-1 Multisync 
Color Graphics Adapter? I would ap¬ 
preciate your advice. 

Do you have facilities for readers 
to download the programs that are 
published in PC Tech Journal If so, 
what is the telephone number and iiow 
can it be accessed? 1 attempted to 
reach your offices on the PCTECFlline 
number that is listed on the masthead 
on page 4, but I could not make con¬ 
tact, either by voice or computer. 

Frank Diamond 
Whiting, NJ 

We appreciate Mr. Diamond pointing 
out this error. When UNDERUN.ASM 
was turned hi for publishing, an obso¬ 
lete version of the file was inadvertently 
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Blaise puts the 
Accent on C with 

TOOLS PLUS/5.0 








Enhance your Microsoft C programming environment with 
C TOOLS PLUS/5.0™—a new, quintessential library of C 
functions. C TOOLS PLUS/5.0 from Blaise Computing Inc. puts a prime 
accent on quickly building professional applications using the full power of 
Microsoft C Version 5.0 and QuickC. Now you can concentrate on program 
creativity by having full control over DOS, menus, interrupt service routines, 
memory resident programs, printer and keyboard control, and more! 

C TOOLS PLUS/5.0 prebuilt libraries are ready to use 
with either QuickC or the Microsoft C Version 5.0 com¬ 
mand line environment. Complete documented source 
code is included so that you can study and adapt it to your 
specific needs. Blaise Computing’s attention to detail, like 
the use of full function prototyping, cleanly organized 
header files, and a comprehensive, fully-indexed manual, 
makes C TOOLS PLUS/5.0 the choice for experienced 
developers as well as newcomers to C. 

Continuous refinement of Blaise Computing’s library 
products has produced a collection of tools that are 
unsurpassed for reliability, functionality and ease of use. 
g/' Built upon the widely acclaimed C TOOLS PLUS, 
C TOOLS PLUS/5.0 includes such highly-developed 
features as: 

♦INTERVENTION CODE 

— Schedule C functions at specified times, inter¬ 
vals or with a “hot key!’ NEW! 

— Take full advantage of DOS, even from memory 
resident programs. NEW! 

♦FAST DIRECT VIDEO ACCESS 
— All monitors, even EGA 43-line mode. 
♦PRINTER CONTROL 
— Access BIOS print functions. NEW! 

-Control the DOS PRINT utility. NEW! 
♦UTILITIES AND MACROS 
— Take advantage of DOS file structure. 

— Manipulate daUi types, far & near pointers. NEW! 
— Access any memory areas with fast “peek” and 
“poke” macros. NEW! 

C TOOLS PLUS/5.0 supports the Microsoft C Version 5.0 and QuickC 
compilers, requires DOS 2.00 or later and is just $129.00. 

CASYNCH MANAGER™ Version 2.0 IMPROVED! 

C ASYNCH MANAGER is a library of functions designed to help you 
incorporate asynchronous communication capabilities into your 
application programs. Version 2.0 has been rewritten especially for 
Microsoft C Version 5.0 and Borland’s Turbo C. Simultaneous 
buffered input and output to both COM ports at speeds up to 
9600 baud, XON/XOFF protocol, modem con- 


WINDOWS 

— Stackable, removable. 

—Optional borders, cursor memory. 

— Accept user input, formatted output. 

—“printf” window-oriented output. NEW! 
♦INTERRUPT SERVICE ROUTINES 

— Capture DOS critical errors and keystrokes. 

— Install hardware interrupt handlers. 
♦RESIDENT SOI I WARE SUPPORT 

— Install, detect and remove memory resident 
programs. 

♦MENUS 

— Horizontal and pulldown. 

NEW! 

— Lotus-style support. NEW! 



■■■ ■ 

General screen control; paint screens; block 
mode data entry or field-by-field control with 
instant screen access. For C or MS-PascaJ. 

t*BrC3F&^S. $ 129.00 

Windows; ISRs; intervention code; screen 
handling and EGA 43-line text mode support; ‘ 
direct .screen access; DOS file handling and 
more. For Turbo C. . .>; 

turbp POWfeRSCREEN 

COMING SOON! General screen manage¬ 
ment: paint screens: block mode data entry 
or field-by-field control with instant screen 
access. For Turbo Pascal., ; : 

Turbo POWER TOptS PLUS $ 99.95 

Screen and window management including 
EGA support: DOS memory control; ISRs; 
scheduled intervention code; and much more. 
For Turbo Pa.scal. 

/Piirbb AS^C|fPLU^^ V ' $ 99.95 ■ 

Interrupt driven support for the COM ports.. 
I/O buffers up to 64K; XON/XOFF; up to 
9600 baud; modem and XMODEM control. 
For Turbo Pascal. v , . 

PASCAL TOOLS/TDOLS 2. $ 175.00 

Expanded string and screen handling; graph¬ 
ics routines; memory management; general 
program control: DOS file support and more. 
For MS-Pascal. 

ASyNCH'-MANAGER" $ 175.00 

Full featured interrupt driven support for the 
COM ports. I/O buffers up to 64K; XON/ 
XOFF; up to 9600 baud; modem control and 
XMODEM. For MS-Pascal. 

JKeyPbyer $ 49.95 

“Super-batch” program. Create batch files 
which can invoke programs and provide 
input to them; run any program unattended; 
create demonstration programs; analyze key¬ 
board usage. . 

EXEC ■ $ 95.00 

NEW VERSION! Program chaining execu-, 
tive. Chain one program from another in dif¬ 
ferent languages; specify common data areas: 
less than 2K of overhead. - , 

RIpNOiFE-';:: -'■/■' $ 49.95 

Text formaUer for all programmers: flexible 
printer control; user-defined variables; index 
generation; general macro facility. Crafted 
in Turbo Pascal. .. ' ; 

LIGHT TO $ 99.95 

Windows; ISRs: EGA 43-line text mode; 
direct screen access; DOS file handling and 
more. For the Datalight C compiler. ' , 

TO ORDER GA£L TOLL FREE 
800-333-8087; 

TELEX NUMBER.338139 _ 


trol and XMODFM file transfer are among 
the many features supported and is priced at 
just $175.00. 

Blaise computing Inc. has a full line of support 
products for both Pascal and C. Call today for your 
free information packet. 
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BLAISE COMPUTING INC. 

2560 Ninth Street, Suite 316 Berkeley. CA 94710 (415)540-5441 
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substituted. The connect version of the 
ASSUME directive as follows: 

ASSUME CSrCODESEG 

DS should not he mentioned at all 
This causes the assembler to generate 
CS override prefixes for the far jump 
and call instructions near the start of 
the resident portion: without them, the 
program crashes the system. 

Programs and other files (both text 
and bina)y) are available for down¬ 
loading from PCTECInine at 301/740- 


8383. The modem parameters are 
1200 bits per second (bps), no parity, 8 
data bits, 1 stop bit: note that 2400-bps 
transmission is temporarily disabled. 

Unfortunately, yet another error 
crept in as the UNDERUN program was 
loaded onto PCTECHline—the source 
file originally loaded was yet another 
incorrect version. Although it would 
assemble and run, it did not imple¬ 
ment all of the features of the published 
version. The correct program has been 
available for downloading since Sep¬ 


tember 22. My apologies to reader's for 
any incorwenience that these error's 
may have caused. 

—TM 

DOESN’T C 

Perhaps I am extremeh’ naive, but I fail 
to see any benefits to programmers 
coding application programs in C. 

The C language seems to me to be 
a super macro assembler and almost as 
low-level in its constructs as an assem¬ 
bler. I have been programming applica¬ 
tions (such as payroll, general ledger, 
and so on) on IBM mainframes, mini¬ 
computers, and microcomputers for 20 
years and have never needed to code a 
single line of as.sembly language. 

The reason why a programmer 
would choose a low-level language 
such as C or assembly to code applica¬ 
tion programs (as opposed to ,system 
or utiliw programs) totally escapes me. 

Application programs normally 
require maintenance from time to time 
by someone other than the original 
programmer. For that reason, it be¬ 
hooves one to choose the highest level 
language possible to minimize the 
maintenance efforts. 

On IBM microcomputers, I pro¬ 
gram in BASIC using the IBM BASIC 
Compiler. I can detect no difference in 
execution speed of a program written 
in assembly language, C, or compiled 
BASIC, and, if I did, I would suggest 
that the user buy a faster niachine. 
Hardware is a lot cheaper than pro¬ 
grammer’s time, and, if a user balks at 
spending $4,000 to $6,000 for an IBM 
PC that has the capabiliw of main¬ 
frames that used to cost hundreds of 
thousands of dollars, then I would sug¬ 
gest that the user cannot afford me ei¬ 
ther, and to quit wasting my time. Arro¬ 
gant, perhaps, but those are the facts. 

As of this writing, it appears that 
the only way to interface with the OS/2 
Presentation Manager is with the C lan¬ 
guage. IBM has announced BASIC, 
COBOL, assembly, and C compilers for 
OS/2, but only Microsoft is delivering 
anything yet and it remains to be seen 
whether the Presentation Manager in¬ 
terface is po.ssible with IBM’s BASIC 
and COBOL compilers. 

Please enlighten me if you can. I 
cannot find anxthing in C that I cannot 
do in BASIC quicker and with much 
less debugging effort. Where is the ad¬ 
vantage, except possibly job securin', of 
which I have plenty already. 

Wilson Jones 
Wil-Cin Jones 
Tidsa, OK 




See us at COMDEX/Fall '87 
Booth #W367 


9 Track 
Tape 


Micro to 

Mainframe 

Connection 


Connect your PC to the mainframe 
and mini computer world with 
industry standard, reliable 9 track 
tape. .With Overland Data’s 
TapeLinx subsystem, you can 
Import data to your PC, while main¬ 
taining mainframe isolation and data 
integrity. Our advanced data inter¬ 
change software provides byte-level 
transformations, EBCDIC-ASCII 
translation, and tape label support. 
The 1600 bpi tape drive provides 
Industry standard recording density, 
with 3200 bpi for efficient backup. 
High performance 6250 bpi OCR 
drives or 800 bpi drives also 
available. 

9 track tape, a mainframe standard, 
is the most reliable backup medium 
available. PC users may now enjoy 
the benefits of 9 track tape with 
FLASHBAK, a high speed, 
file-oriented backup program for 
MS-DOS. 

The TapeLinx software Includes a 
device driver and interface software 
for popular compilers under MS- 
DOS. For XENIX 286 and XENIX 386 
users, we supply a standard charac¬ 
ter tape device driver. 



The TapeLinx subsystem includes 
tape drive, controller board, cables, 
documentation, and MS-DOS or 
XENIX software. The controller 
board is guaranteed for two years. 
TapeLinx is compatible with IBM 
PC, XT, AT, and all 100% 
compatibles. Including COMPAQ 
386. 

Let our professional technical staff 
connect your PC to the real world 
with 9 Track Tape. 

Overland Data, Inc. 

Answers on Tape 

5644 Kearny Mesa Road 
San Diego, CA 92111 
Tel. (619) 571-5555 
Telex 754923 OVERLAND 


IBM PC, XT, AT are Registered Trademarks of International Business Machines Corp. 
MS-DOS is a Registered Trademark of Microsoft Corp. 

COMPAQ 386 is a Registered Trademark of COMPAQ Computer Corp. 
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MICROSOFT LANGUAGES NEWSLETTER VOL. 2, NO. 11 


Dear Reader: 


When we introduced the Microsoft® 
Languages Newsletter in 1985, we had just one 
goal in mind: improving communications with 
the people who use Microsoft languages. 

We wanted to communicate to you the 
technical advances underway at Microsoft and 
get feedback from you about how we could make 
additional improvements to our products. 

Everything we do at Microsoft is built 
around a vision: to create the software that puts 
a computer on every desk and in every home. 
We know that many of you share that vision 
with us and are working toward it in the devel¬ 
opment of your own programs. 

We know that in order to make this vision 
come true, we need to supply you with effective 
development tools—such as the Microsoft 
CodeView® debugger, Microsoft QuickBASIC 
and QuickC™ programming languages, and 
Microsoft C Optimizing Compiler. 

But we also know that we need your help 
to achieve our vision of the future. That’s why, 
back in January, we asked you to share your 
visions of the ideal programming environment. 
Your response was tremendous. In fact, we’re 
already exploring many of your ideas, including 
language enhancements to support windowing 
environments, a general programmer’s editor, 
and a “super” MAKE facility. 

These are just a few examples of how your 
ideas and suggestions have helped us shape our 
future product plans. Erom the very beginning 
of the Languages Newsletter, your feedback has 
been invaluable. And that’s why we want you to 
be part of some important changes. 

As we look to the next couple of years, 
we recognize that developers will want to create 
more global solutions; solutions that will encom¬ 
pass languages, operating environments, and 
networking. With that in mind, we have decided 
to transfer our resources fmm the Languages 
Newsletter to the Microsoft Systems Journal— 


a bimonthly publication covering the broad 
scope of systems-related issues. 

Because the Microsoft Systems Journal 
will include much of the information you’re used 
to getting from the Languages Newsletter, and 
because we value your active participation in 
shaping future products, we’d like to offer you a 
free issue of the Microsoft Systems Journal. 

The issue you’ll receive contains detailed 
information about Microsoft Operating System!2 
and the Microsoft OS/2 presentation manager. It 
gives you the inside story about where we’re going, 
including an interview with Gordon Letwin, 
one of the chief architects of Microsoft OS/2. 
There’s also a special section entitled “Ask Dr. 
Bob’,’with detailed Q&A’s on subjects ranging 
from Microsoft Windows printer drivers to 
using Microsoft C math library junctions in an 
assembly program. 

To arrange to get your OS/2 issue and 
the Microsoft Systems Journal on a regular basis, 
just call toll free 1-800-533-6625 (in Ohio, call 
1-800-633-3157). We’ll sign you up for the OS/2 
issue plus six regular issues (a year’s subscription) 
at the special introductory price of $34.95f If 
after examining the OS/2 issue you decide you 
don’t want to continue your subscription, just 
write “Cancel”across the invoice, return it to us, 
and you can keep the OS/2 issue free of charge. 

Thanks for your support of the Microsoft 
Languages Newsletter. We hope you’ll find the 
Microsoft Systems Journal even more valuable in 
your programming efforts. 


Sincerely, 



Chairman of the Board 
Microsoft Corporation 


*This offer is valid only in the USA and expires March 31,1988, 

Micfvsoft and CodeView are registered trademarks and QuickC is a trademark of Microsoft Corporation. 




Re-lKventin q! 

Programming takes a lot of time and money. 


Do what you encourage your own 
customers to do, AUTOMATE ! 

Turbo Ghostwriter is designed 
to help you do just that... help you 
automate your code writing pro¬ 
cess. 

With Turbo Ghostwriter all you 
do is draw and paint your entry 
screens, tell Turbo Ghostwriter 
how to store your data and that's 
it! In 6 seconds you have running 
Turbo Pascal (3.x or 4.0) code! 
Not just screens, but an entire 
database application program 
complete with b-tree indexes, 
context sensitive help & automa¬ 
tic programmer documentation. 


Turbo Ghostwriter comes with a 
screen editor/painter, FABS+ 
(a network compatible b-tree file 
manager), and everything you 
need to automate your code writ¬ 
ing job and with no 64K code 
limit. 

4.0 Version Ready Now! 

A recent magazine article sug¬ 
gested that the average profes¬ 
sional programmer completed 
1500 lines of de-bugged, running 
code per year. Even if you get 
15,000 lines per month, isn’t it 
wasteful (and expensive) to be 
doing the same things over and 
over? 


COMDEX/FairS? Special Price only $289 

60 day money back guarantee (less $14 s/h) 

Price valid thru 12/10/87. Regular price $450.00 
MC/Visa/Choice, COD, PO, check 


Information and Orders call toll free 800 227-7681 

Technical Requirements: 320K DOS 3.x Hard drive. Turbo Pascal is a trademark of Borland 
International. (c)1987 ASCII-Automated Software Concepts International, Inc. 


3239 Mill Run 
Raleigh, N.C 27612 
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IBM repoi'ts that 02 and Macro Assem¬ 
bler 12 will be available initially for the 
Presentation Manager. Additional sup¬ 
port for other languages ivill be pro¬ 
vided over time. We likely will see im¬ 
plementations from other vendors as 
Presentation Manager anives. 

—M 


CALL FOR TECHNICAL TIPS 

As befits a publication with a highly 
technical readership, PC Tech fournal 
has, since its inception, published a 
column of short solutions to technical 
problems under the title Tech Note¬ 
book. We have published some great 
ones in these pages, and we intend to 
continue and improve our service in 
this area. Along with the other changes 
made and planned for the magazine, 
we will be expanding this department 
under the new title Technical Tips, 
which will be brought together eveiy^ 
month by technical editor Ted Mirecki. 
The new format will be more flexible, 
in part because each item will not be 
constrained to one page. 

Readers are invited to submit their 
tips, provided they are solutions appro¬ 
priate to the technical expertise of our 
audience. Illustrations by code frag¬ 
ments or short complete programs are 
welcome. Please send hard copy and 
disk files of both text and programs to 
the attention of Ted Mirecki at the PC 
Tech fournal offices (Suite 800, 10480 
Little Patuxent Parla\'ay, Columbia, MD 
21044), identifying them as intended 
for the Technical Tips department. Text 
files may be in WordPerfect, Word, 
WordStar or plain ASCII format; source 
code must be plain ASCII ready for 
input to a compiler or assembler. Upon 
acceptance, payment will be made de¬ 
pending on length and content. 



COMMENTS WELCOME 

All letters to the editor should be 
directed to Editor, PC Tech fournal, 
Suite 800, 10480 Little Patuxent Park¬ 
way, Columbia, MD 21044. Corre¬ 
spondence also can be sumitted 
over MCI Mail to PCTECH. 

Although PC Tech Journal can¬ 
not publish all letters received, 
ever\^ effort is made to answer as 
many as possible. Please keep letters 
brief and to the point, and include 
name, mailing address, and tele¬ 
phone number. When a letter is 
lengthy, a diskette is appreciated. 
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WINDOWS FOR DATA® 

Uncommon Screens 





Inuoic^r Creata . nSevIar Vv FrFxit 




I N U 0 I C E - 

InyoiceNo.: 008781 Date: 

Search for customer record? (V/N): 
Enter customer information? (V/N): 
Enter billing address? (V/N): 

Enter marketing information? (V/N)l 


09/10/87 

r-Customer- 


14 : 01:11 


No. PRODUCT 


DESCRIPTION 


QUANTITV PRICE AMOUNT 


Windows for Data Lattice 
Windows for Data Microsoft 
Windows for Data Turbo C 
Windows for Data Cl 


wi»LH winapws tor wataHLatticp 


395.00 1185.00 
395.00 1975.00 
395.00 1185.00 
395.00 790.00 


Subtotal: 
Shipping: 


9875.00 

0.00 


TOTAL 

Payment 


9875.00 

0.00 


keys scroll, ENTER selects and ESC exits choice menu 


f you program in C, take a few 
moments to learn how Windows for 
Data can help you build a state-of-the- 
art user interface. 

IZf Create and manage menus, data-entry forms, context- 
sensitive help, and text displays — all within windows. 

0 Provide a common user interface for programs that 
must run on different machines and operating systems. 

IZf Build a better front end for any DBMS that has a C- 
language interface (most popular ones do). 

FROM END TO BEGINNING 
Windows for Data begins 
where other screen packages end, 
with special features like nested 
pop-up forms and menus, field en¬ 
try from lists of choices, scrollable 
regions for the entry of variable 
numbers of line items, and an ex¬ 
clusive built-in debugging system. 




YOU ARE ALWAYS IN CHARGE 

Control functions that you write and attach to fields 
and/or keys can read, compare, validate, and change the 
data values in all fields of the form. Upon entry or exit 
from any field, control functions can call up subsidiary 
forms and menus, change the active field, exit or abort 
the form, perform almost any task you can imagine. 

OUR WINDOWS 
WILL OPEN DOORS 

Our windows will open doors to 
new markets for your software. 
High-performance, source-code- 
compatible versions of Windows 
for Data are available for 
PCDOS (OS/2 soon), XENIX, 
UNIX, and VMS. PCDOS 
versions are fully compatible with Microsoft Windows, 
TopView, and DESQview. No royalties. 

You owe it to yourself and your programs to try Win¬ 
dows for Data. If not satisfied, return for a full refund. 
Call for FREE DEMO. 



NO WALLS 

If you’ve been frustrated by the limitations of other 
screen utilities, don’t be discouraged. You won’t run into 
walls with Windows for Data. Our customers repeated¬ 
ly tell us how they’ve used our system in ways we never 
imagined — but which we anticipated by designing Win¬ 
dows for Data for unprecedented adapatability. You will 
be amazed at what you can do with Windows for Data. 



Vermont 

Creative 

Software 


21 Elm Ave. 
Richford, VT 
05476 


Phone: (802) 848-7731 ext. 21 

Telex: 510-6014160 VCSOFT FAX 802-848-3502 
Prices: PCDOS $395; XENIX, VMS, UNIX Call. 
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IT'S TIME TO DO SOME 
SERIOUS 386 BUGBUSTINO! 



PROBERS 
bar and pull¬ 
down menus set a 
new standard for 
debugger 
interfaces. 


PROBE has 
source-level 
debugging to let 
you “C” your 
program. 


This is an 
out-of-range 
memory-overwrite 
bug. Since it is 
interrupt related, 
it only appears in 
real time. 


POP registers up 
and down with a 
single key. 


W elcome to your nightmare. Your company has bet 
the farm on your product. Your demonstration 
wowed the operating committee, and beta ship¬ 
ments were out on time. Then wham! 

All your beta customers seemed to call on the same day. 
“Your software is doing some really bizarre things’’they say. 
Your credibility is at stake. Your profits are at stake. Your 
sanity is at stake. 

THIS BUG’S FOR YOU 

You rack your brain, trying to figure something out. Is it a 
random memory overwrite? Or worse, an overwrite to a stack- 
based local variable? Is it sequence dependent? Or worse, 
randomly caused by interrupts? Overwritten code? Undocu¬ 
mented “features” in the software you’re linking to? And to 
top it off, your program is too big. The software debugger, 
your program and it’s symbol table can’t fit into memory at 
the same time. Opening a bicycle shop suddenly isn’t such a 
bad idea. 

THIS DEBUGGER’S FOR YOU 

Announcing the 386 PROBE"^'* Bugbuster,*from Atron. Nine 
of the top-ten software developers sleep better at night 
because of Atron hardware-assisted debuggers. Because they 
can set real-time breakpoints which instantly detect memory 
reads and writes. 

Now, with the 386 PROBE, you have the capability to set a 
qualified breakpoint, so the breakpoint triggers only if the 
events are coming from the wrong procedures. So you don’t 
have to be halted by breakpoints from legitimate areas. You 
can even detect obscure, sequence-dependent problems by 
stopping a breakpoint only after a specific chain of events has 
occurred in a specific order. 


Then, so you can look at the cause of the problem, the 386 
PROBE automatically stores the last 2K cycles of program 
execution. Although other debuggers may try to do the same 
thing, Atron is the only company in the world to dequeue the 
pipelined trace data so you can easily understand it. 

Finally, 386 PROBE’s megabyte of hidden, write-protected 
memory stores your symbol table and debugger. So your bug 
can’t roach the debugger. And so you have room enough to 
debug a really big program. 



PUT YOU IN THE TOP TEN? 



Look at it this way. Nine of the top-ten software products in 
any given category were created by Atron customers. Maybe 
their edge is — a good night’s sleep. 

Call and get your free, 56-page bugbusting bible today. 
And if you’re in the middl^ of a nightmare right now, 

give us a purchase order 
number. We’ll FEDEX 
a sweet dream. 


A 




BUGBUSTERS 

of Northwest Instrument Systems, Inc. 
20665 Fourth Street • Saratoga, CA 95070 

408/741-5900 


^Versions for COMPAQ. PS/2-80s.and compatibles. Copyright © 1987 by Atron. 386 PROBE is a trademark of Atron. Call 44-2-855-888 in the UK and 49-8-985-8020 in West Germany. TRBA 
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NEW DIRECTIONS 

The OS/2 Debate 

The new operating system will soon be 
upon us. What does it really mean? 


WILLFASTIE 



O S/2, without question, is the fun 
topic of the year for debaters in 
the computer industr\^ On one 
side are those who are ready for the 
future, no matter what it holds or what 
it costs. On the other side are those 
wanting to get the most out of the ex¬ 
isting installations of hardware and soft¬ 
ware and hold the line on develop¬ 
ment expense. The compromise posi¬ 
tion involves doing both. And, of 
course, there are many who just don’t 
care, at least for the time being. 

Here are two certainties about 
OS/2. First, interest in the new operat¬ 
ing system is high. That is clear from 
reading the trade press, talking to de¬ 
velopers and end users alike, and 
studying our own market research. Sec¬ 
ond, despite Microsoft’s elaborate ef¬ 
forts to get tlie OS/2 stoi*}^ to ever^^one, 
confusion is rampant. 

PC Tech Journal's own study, con¬ 
ducted in May by our research depart¬ 
ment, reflects both the interest and the 
confusion (76 percent of the respon¬ 
dents, drawn from a random sample of 
our subscribers, are systems profession¬ 
als in end-user, consultant, or VAR/VAD 
companies, so they represent the key 
decision-makers where a new operating 
system is concerned). More than 69 
percent of the respondents stated that 
they would purchase OS/2 when it be¬ 
comes available, a hearty endorsement 
just one month after IBM’s announce¬ 
ment. However, when asked if MS-DOS 
applications would be replaced with 
OS/2 versions, only 12 percent said yes, 
while 35 percent said probably. The 
majority said no, or probably not. Only 
5 percent of the respondents had al¬ 
ready started developing OS/2 applica¬ 
tions. (See the accompanying sidebar, 
“Who’s Converting to OS/2?”) 

Even though a healthy majority 
said they would buy OS/2, they don’t 
know why. For example, most said that 
they desire the use of more than 
640KB of memon^ but applications 


written for MS-DOS do not automati¬ 
cally get that advantage in OS/2. A new 
OS/2 version of an application is there¬ 
fore implicit, but that is a job the ma¬ 
jority said it is not likely to tackle. 

Increasing the confusion, 46 per¬ 
cent said they were considering other 
operating systems, the most popular 
being UNIX (77 percent), but Quan¬ 
tum’s QNX, the Software Link’s PC- 
MOS, and Quarterdeck’s DESQview each 
scored an impressive 20 percent (mul¬ 
tiple answers were allowed for this 
question). This widespread exploration 
of the alternatives may explain why so 
few have begun OS/2 development. 
Except for DESQview, consideration of 
other operating systems means that ex¬ 
isting software will not be used for 
obvious compatibility reasons. 

We also asked respondents to rate 
the importance of five OS/2 features: 
more than 640KB of memor}^ multi¬ 
tasking, graphical user interface, LAN 
interface, and the compatibility box. 

The ability to handle more than 640KB 
of memory won out as OS/2’s most 
important benefit, with multitasking 
running a close second. 

While support for more memory is 
a vital matter, our desire to build and 
use very large, memory-resident (or 
virtual) applications is exaggerated by 


years spent trying to cram 10-pound 
applications into the 1-pound MS-DOS 
box. Focusing on more memory tends 
to cloud other important features of 
the new operating system. 

AUREAL” OS 

When Microsoft first briefed editor 
Julie Anderson and me about OS/2, 
Steve Ballmer (vice president of sys¬ 
tems software) and his managers care¬ 
fully recited the litany of advanced fea¬ 
tures in OS/2. For each one, I made a 
crack like, “Oh, you mean just like a 
real operating system,” to which all in 
the room would agree. After a time, 
this became the standing joke of the 
entire meeting, but it illustrates the 
underlying value of OS/2 to developers 
and ultimately to end users. 

MS-DOS meets two very basic ne¬ 
cessities. It manages simple files, and it 
loads programs and gets them up and 
running. Compared to the mini- and 
mainframe operating systems that most 
PC Tech Journal readers cut their teeth 
on—such as UNIX, VMS, or AOS— 
MS-DOS is a mere toy. 

OS/2, on the other hand, is a di¬ 
rect descendant of such operating sys¬ 
tems and therefore brings a large set of 
systems benefits to the environment of 
die desktop computer. Neverdieless, 
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“There’s No Reason To Look Beyond 

PC TOOLS 

-PC Magazine, Editor's Choice Award, Two-Time Winner 


Data Recovery * Fast Hard Disk Backup * Disk Management 



Now we’ve given you even more 
reason-PC Tools™ Deluxe. 

PC Tools Deluxe gives 
you all the best features 
of Fastback™ Norton™ 

XTREF; Mace; Side- 
kick; Lightning™ and 
Disk Optimizer-a $700 
value-for just $79. 

Other utilities may claim 
they “do it all’,’ but only 
PC Tools Deluxe delivers: 

♦ A DOS shell so complete 
80 Micro called it their “over¬ 
whelming choice based on ver¬ 
satility, ease of use, and cost’.’ 

♦ The best UNDELETE avail- 
able-instead of merely “guess¬ 
ing!’ it recovers all data even on 
fragmented files. ♦ HARD DISK 
BACKUP faster and every bit 
as reliable as Fastback. ♦ The 
leading UNFORMAT for hard 
disks and floppy disks, enabling 
you to recover from almost any 
disk disaster. ♦ PCFORMAT for 
safe formatting of floppy and 
hard disks. ♦ A quick, reliable DISK 
CACHING utility for speeding up 
disk access. ♦ A fast COMPRESS 
feature that like Disk Optimizer dramatically improves hard 
disk performance. ♦ And a better resident mini WORD 
PROCESSOR than Sidekick, including word wrap, search/ 
replace, formatted page printing and more. 

Before you buy any of these other utilities, take a look at 
PC Tools Deluxe. Like PC Magazine, you’ll find there’s no reason 
to look any further. For the dealer nearest you, or to order 
direct, call (503) 244-5782, M-F, 8 a.m.-5 p.m. (West Coast time). 


Centrul Point 
Software 

^ INCORPORATED 
9700 S.W. Capitol Hwy. 
Portland, OR 97219 
(503) 244'5782 
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two pressing questions remain. What 
are all these features good for? And, 
how will the average user handle the 
increased complexity? 

In casual conversation with users, I 
hear them talk about context switching 
and large programs. Users want all of 
their applications ready and available at 
the touch of a key. Although memory is 
somewhat hard to come by in MS-DOS, 
context switching is not; numerous 
programs are on the market today that 
provide this facility under MS-DOS. Ac¬ 
tually, memory is available as well. The 
SHELL program in WordPerfect’s Li¬ 
brary, for example, can do wholesale 
swaps of applications to and from ex¬ 
panded memory. DESQview exploits 
expanded memory for multiple, resi¬ 
dent applications and even provides 
concurrency (see “Protective Shells,” 
Directions, October 1987, p. 9). 

So, if the two most desired charac¬ 
teristics of an operating system are pos¬ 
sible with add-ons to MS-DOS, why 
OS/2? Here are some reasons. 

EXTENSIBLE ST4NDARDS 

The most obvious benefit of an operat¬ 
ing system with a large set of features 
is the convenience of a single environ¬ 
ment. This leaves software developers 
in the comfortable position of having 
to develop only one version of their 
applications. Developers also become 
more efficient; support in the operating 


system for so many functions allows 
the developer to concentrate on the 
application instead of extensions to the 
system to facilitate the application, one 
of the main problems wi^ MS-DOS. 

No one could have predicted the 
vast number of extensions of so many 
different kinds that developers have 
made to MS-DOS over the years. Micro¬ 
soft; itself even made two: Windows and 
CD-ROM, not to mention the enhance¬ 
ments from version to version. Micro¬ 
soft learned its lesson well, so OS/2 is 
built to be extensible. If the operating 
system support that your application 
needs cannot be derived from the ker¬ 
nel, you can add it yourself. These ad¬ 
ditions are not merely tied to the side 
of the system with baling wire, they are 
an integral part of it—indistinguishable 
from the operating system. That’s how 
Microsoft and IBM will integrate prod¬ 
ucts such as the LAN Manager and the 
Presentation Manager. 

MULTITASKING 

To begin to take advantage of all the 
available resources on your desktop 
computer, the operating system must 
allow more than one program to run 
simultaneously. This is supported in 
two ways in OS/2. 

First, more than one program can 
be loaded and executed—for example, 
a C compiler and a text editor. In this 
classic case, the programmer writes or 


alters code while the compiler pro¬ 
cesses previously edited code in the 
background, using the large number of 
CPU cycles that live between the pro¬ 
grammer’s keystrokes—cycles that 
would otherwise lie fallow. 

Second, a program (referred to as 
a process in OS/2) can kick off its own 
set of tasks (called threads) to perform 
a set of concurrent operations. For ex¬ 
ample, an OS/2-based data manager 
might spin off a thread to sort a file or 
allow two files to be sorted at the same 
time, one using CPU time while the 
other is waiting for disk I/O. The data 
manager might have its own separate 
work control task; interactive com¬ 
mands would be passed to the control 
task, which would decide how best to 
accomplish the work. This control task 
would kick off parallel tasks when ap¬ 
propriate and then queue up com¬ 
mands that had to be performed seri¬ 
ally, all while you are conducting some 
other interactive business. 

OS/2, in fact, has been optimized 
to support the process/thread model of 
multita^ng, rather than provide effi¬ 
cient multiuser operation. Microsoft 
defines OS/2 as a single-user, multitask 
system, with emphasis on one user. 
That makes sense: if users were willing 
to forego their own, private execution 
unit (their personal computer), UNIX- 
based multiuser systems would be far 
more prevalent than they are today. 

Given such a task-oriented com¬ 
puter, the possibilities are endless. Be¬ 
sides more efficiently handling the col¬ 
lection of jobs the user wants to per¬ 
form interactively, OS/2 can provide 
sophisticated services that are able to 
compete as peers for system resources. 
A print spooler, for example, becomes 
just another program that accepts print¬ 
ing requests from other programs. The 
MS-DOS terminate-and-stay-resident 
(TSR) program, a kind of process with¬ 
out portfolio, becomes just another 
program. A 3270 terminal emulator is 
just another program. Of course, “just 
another program” in OS/2 means full 
access to files, communications, input 
devices, output devices, and those ser¬ 
vices performed by major subsystems, 
such as the LAN manager. 

Another benefit of the task-orienta¬ 
tion of OS/2 is that it does not require 
an interactive user. OS/2 can perform 
admirably as a network server and has 
the added advantage of being able to 
execute programs on the server that 
previously could run only on a work¬ 
station. So, for example, an OS/2-based 
server could be providing generic net- 


WHO’S CONVERTING TO OS/2? 

The ultimate value of OS/2 to an 
end user is its extensive set of inter¬ 
nal features tihat enable software 
developers to deliver richer applica¬ 
tions. TTiat means developers them¬ 
selves must iDe convinced of the 
value of the operating system before 
they commit tiieir time, effort, and 
resources to conversion or develop¬ 
ment The question to ask is: are 
developers moving to OS/2? 

Based on PC Tech JoumaH 
questioning of vendors, the answer 
is a resounding yes. The typical re¬ 
sponse is similar to the one from 
Philippe Kahn, who allowed that his 
developers already had Borland’s 
products running in OS/2. Timing of 
the release of OS/2 versions of the 
products is really the only question 
that is left unanswered. 

A few vendors, such as Lotus, 
have made formal announcements 
about their plans. Lotus will convert 
1-2-3 to OS/2 by way of version 3 of 


the product, a version which will 
also run under DOS 3.x. In addition, 
Lotus stated its intent to deliyer a < : 

version that operates under the Pte- V 
sentation Manager, signaling a more 
serious commitment to the new 
environment. During my recent visit 
to Lotus headquarters in Cambridge, 
the company’s managers made it 
clear that the new operating systeth 
presented many new opportunities 
for Lotus’ products. 

I have yet to speak with a soft¬ 
ware vendor who is not at least 
evaluating OS/2. Mierpsoft’s OS/2 
seminars are packed. Most vend©# ^ 
are already moving forwaird witfi k 
conversion plan, and some are ^ 
working on new applications made 
possible by pS/2 support ^^^Sliatevef 
the case, no one wants Tp be left-pa / 
the sidelines; When 6s/2 Is finally 
available, everybody wants to be " 
ready to play balL _ . 
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Building address conflicts. alone or with memory, 

great memory Also, you need a board check out Quadboard 

into your PS/2™ that’s smart enough to save PS/Q and 
Model 50 or 60 you steps in your everyday ioo% com? 

takes more than just work. To start up each day QuadPort 


stuffing a 
board. It 
takes intelli' 
gence. 

You need 


{] 
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OS/2 EXTENDED 


80286 PROTECTED 


Not one Micro channel™ ID, _ ^^ 
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solve them if they crop up. to change and growth. PS/Q,, only at 

Problems like two boards 
fighting over the same 
address, or boards not 
meeting the squeaky-tight 
specs that IBM has set down 
for PS/2 enhance' 
ments. 

With QuadMEG 
PS/Qyou get a board 
that has not one but 
three IBM Micro 
Channel IDs—a pnmary 


without a hassle. Smart PS/Q, 
enough to switch easily be' which ship early this Fall. 
— tween extended and See what we mean? 
expanded memory. Since you need more than 

_ great memory, 

grow as 
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□1 

2 MEG 

□1 
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your Quadram dealer. 
For the name of a 


Rigorous new Quadram Tolerance Test means QuadMEG 
PVQ connections are positioned to within 0.001 in. Trouble- 
free operation and no mis-connections. 


dealer near 
you, contact 
Quadram at 
One Quad 


Consider QuadMEG 
PS/Q. And then 
consider the altema' Way, Nor' 
tives. Make sure they cross, GA 
don’t try to give you 30093. Or 


Total IBM PS/2 BIOS support 
means QuadMEG PS/Q starts 
up automatically when^u turn 
on your Model 50 or 60. 


Switch between expanded 
and extended memory. 


the memory without call 404/ 
the intelligence. 564-5566 to learn about our 

By the way, if you need other PS/2 enhancements, 
and two back'Ups—to avoid parallel or serial ports, either QrUV/fPT^ 
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work service at the same time it was 
running your favorite data manager in 
order to perform a piece of work more 
efficiently than it could have been done 
from the workstation. 

INTERTASK COMMUNICATION 

In multitasking, the tasks must be able 
to pass data or instructions between 
themselves. OS/2 provides facilities for 
task-to-task control and information 
passing, including all the traditional 
ones such as signals, semaphores, 
shared memory, pipes, and queues. 
These facilities allow tasks to coordi¬ 
nate their activity within tlie desktop. 

OS/2 and the Microsoft LAN Man¬ 
ager offer an extension of the pipe fea¬ 
ture, called named pipes, that allows a 
pipe to exist not just between two tasks 
in the same machine but between two 
tasks on different machines. This pow¬ 
erful capability is actually an enabling 
technology that allows smooth, cooper¬ 
ative processing between multiple ma- 


COMPAimniTY COFFIN 

We in the press have said that it 
would be suicide for Microsoft and 
IBM to introduce aa operating sys¬ 
tem for 80286- and 80386-based 
desktops that did not provide the 
ability to run “old” applications, 
those originally writteh for MS-DOS. ^ 
This is probabl^y true: a cold-turkey 
conversion to. OS/2 could be painful 
without OS/2 versions of cherished 
utilities and programs. 

In response, Microsoft has 
obliged with a facility called the 
“compatibility box” for running a 
single MS-DOS application. The goal ; 
was to allow the old application to 
run, while OS/2 programs fan in the 
background, and vice versa. 

Now, I think that it is too bad 
that we insisted on the compatibility : 
box. It is a complicated feature that , 
consumed vast amounts of develop- ' 
ment time at Microsoft, time that 
could have been better spent getting 
the new operating system to market ’ 
sooner. Even with that monumental 
effort and Microsoft’s best inten¬ 
tions, the result is far from perfect 
because numerous programs will 
,not run in the box, so a new OS/2 
yet^sion will be required. In fact, „ 
Microsoft program, Windows 
i:0x, will not run (although Win¬ 
dows 2.0 will), and any program 
ftiat has a Similar intimate relation¬ 
ship with MS-DOS is in trouble. 


chines, perhaps for such purposes as 
work-group computing. Given that a 
workstation program could command a 
program to load and run on a server, 
the named pipe can also provide a pri¬ 
vate communications link from the 
workstation to die server program. 

REALTIME PROCESSING 

The optimizations that make OS/2 a 
good multitask system also make it an 
interesting realtime system. OS/2’s abil¬ 
ity to support time-critical tasks and to 
eliminate the use of virtual memory 
(efficient realtime systems are usually 
memory-resident, or at least allow 
more direct control of virtual memory 
or overlays) makes it ideal for “less 
strenuous” realtime tasks, such as con¬ 
trolling point-of-sale devices in a de¬ 
partment store; a strenuous task would 
be running the space shuttle. 

In a sense, realtime capability is 
what a network server needs. The net¬ 
working model is really nothing more 


Moreover, the compatibility box 
does not offer as much memory as 
a real DOS machine. The code that 
makes the compatibility box work in 
OS/2 is bigger than MS-DOS itself, 
so very large programs will not 
even get loaded and programs with 
large, memory-resident data sets 
might not be able to load them. 
Expanded memory that adheres to 
the Lotus/Intel/Microsoft (LIM) speci¬ 
fication will work, and that could 
help some of those programs diat 
are faced with size problems. 

The compatibility box does not 
meet the goal of total concurrency. 
Although OS/2 programs can run in 
the background while an old appli¬ 
cation is running, old applications 
are suspended when the instance of 
an OS/2 application has the focus (it 
is interacting with the user via the 
screen and keyboard). 

The heaviest nail in the compat¬ 
ibility box’s coffin is only now be¬ 
coming visible. The tremendous ac¬ 
ceptance of OS/2 by software ven¬ 
dors means that many programs will 
have equivalent OS/2 versions soon 
and even more compelling versions 
that take advantage of OS/2 features 
in the near future. So although the 
box provides a bridge between MS- 
DOS and OS/2, it is a bridge with a 
short (life) span. 

—WF 


than a message-passing system, where 
the messages that arrive at the server 
are requests for service and the mes¬ 
sages sent back are responses to those 
requests. However, it is an extremely 
contentious environment. Each work¬ 
station expects response quickly, so 
the requests have to be interpreted 
and dispatched as rapidly as possible 
by the server software. 

The significant advantage of OS/2 
in the realtime world is that it will be 
able to run standard applications. I 
have already suggested the data man¬ 
ager scenario. In the retail setting, the 
new version of Lotus 1-2-3 could be 
brought up to take a snapshot of sales 
to the moment, while the selling floor 
continued to chug away. Extending this 
scenario is easy; direct tie-ins with off- 
the-shelf data managers, accounting sys¬ 
tems, and communications software 
(for forwarding sales information to a 
central headquarters, for example) can 
save on development time (and thus 
reduce cost) and provide significant 
added value to the system. 

With the proper hardware, an 
OS/2-equipped computer should be 
able to handle lab and factory floor 
automation with relative ease. I expect 
to see software and hardware for this 
market segment rather quickly once 
OS/2 is generally available. 

THE DEVELOPER WINS 

Ultimately, OS/2 benefits an end user 
by virtue of its more efficient use of 
the computing resource and its ability 
to improve throughput (even if the 
user’s apparent interactive performance 
drops a bit). The end user also wins by 
being able to load many programs at 
the same time (programs that will no 
longer conflict with one another the 
way so many TSRs currently do) and to 
switch contexts rapidly. 

OS/2 should reduce complexity for 
end-user and support groups alike. For 
example, getting an MS-DOS system up 
and running or just installing the new¬ 
est application can be very trying—and 
it does not always work. OS/2 offers 
the promise of being more consistent 
and rational; its automatic installation 
procedures are much easier, and the 
use of applications within the environ¬ 
ment is more consistent. 

Although it is the end user who 
enjoys these advantages of OS/2, it is 
the application developer who gains 
the greatest benefit. Because so many 
facilities are built into the operating 
system, the developer’s time will not 
be spent inventing proprietary solu- 
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VOICE 


T he Complete Answering Machine^” 
(CAM^" for short), gave your PC 
personal voice mail for $349. Now, 
our $499 ProCAM^" development package 
includes the hardware and software you 
need to develop custom voice and phone 
applications. So you can teach your PC to 
speak your customers’ language. 

Think of all the ways your customers 
use their telephones. ProCAM can answer 
their phones in their own voices, direct 
callers to the right departments and take 
accurate messages. It can also be 
programmed to take orders, process 
database inquiries, act as a talking catalog, 
provide customer service — even place 
calls to prospects and remind customers of 
their appointments. 

With ProCAM interfaces to assembler 
and C, you can create custom voice- 
response applications that run completely 
in the background. And with up to four 
ProCAM boards in a single PC, your 
customers can expand their services 
without expanding their payrolls. 

ProCAM is just one of the Complete 
Personal Communications™ products — 
image scanners, fax boards and personal 
voice mail — available from The 
Complete PC. Respond to your customers 
by responding to us at (800)634-5558. 


T1-ECOMPI.I-TEPC 


More from your personal computer 

521 Cottonwood Drive 
Milpitas, California 95035 
(800)634-5558 • (408)434-0145 
FAX (408)434-1048 

♦ProCAM is available by phone through R + R Direct at 
(800)654-7587. Copyright © 1987 by The Complete PC, Inc. The 
Complete PC, The Complete Answering Machine, CAM, Pro¬ 
CAM and Complete ffersonal Communications are trademarks of 
The Complete PC. TRBA 
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tions. Furthermore, the developer is 
more likely to use the solutions that 
are provided in die base operating sys¬ 
tem, causing applications to handle 
similar functions in a similar way. 

This benefit to die developer can¬ 
not be overstated. There is always 
some little system function that is not 
provided by MS-DOS that the applica¬ 
tion needs and that the developer must 
write from scratch. I have my own li¬ 
brary of system functions, most of 
which directly interface with the BIOS. 
Dozens of library packages on the mar¬ 
ket today extend DOS to a more rea¬ 
sonable level; many more add complex 
features such as menus, windows, or 
graphics. All of these solutions have an 
identical flaw: changes from version to 
version of MS-DOS can introduce bugs 
into the library. 

By providing so many more of 
these functions in the basic system and 
by extending the kernel cleanly, OS/2 
eliminates a big chunk of work and a 
frustration at the development stage. 
Because the functions are part of the 
system, not tacked on, the operating 
system vendor must ensure that all 
functions are operating properly from 
version to version. 

There’s even more. The developer 
is an end user, too, so all the benefits 
that accrue to a user naturally work for 
the developer, often moreso because 
the developer is better able to config¬ 
ure and tune a system until the engine 
purrs. In effect, a user drives a PC like 
a sedan, while the developer drives it 
like a high-performance sports car. 

LEAVING CONFUSION BEHIND 

PC Tech Journal will surely research 
the OS/2 question again soon, because 
so many factors changes with time. The 
next time around, more user compa¬ 
nies are sure to be engaged in devel¬ 
opment of OS/2 applications, and the 
issue of memory will be taken for 
granted, lessening its importance rela¬ 
tive to otlier issues. The rush for OS/2 
applications will be on, and interest in 
the compatibility box will be dwindling 
(see the sidebar, “Compatibility Cof¬ 
fin”). Interest in UNIX as an alternative 
to OS/2 is likely to fall off, and the new 
operating system will undoubtedly 
emerge on network servers. 

I am equally confident that some 
creative, enlightened developer will 
conceive an application that is so strik¬ 
ing, so compelling, and so dependent 
on the features of OS/2 that we will 
forget all these other complex matters 
of debate and rally to its side. I miimini ^1 
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NEW MCHITECTURES, NEW STANDARDS 


Desktop computers based on the 
8038S chip are springing up every¬ 
where, By the time you read this, 
almost all the compatible manufac¬ 
turers shopld be shipping some¬ 
thing with’ a 386 inside. Two compa¬ 
nies, however, are doing more than 
I just building AT clones with the big¬ 
ger/better/faster microprocessor. AST 
Research and Compaq are advancing 
the state of the art with new ma¬ 
chines embodying new system archi¬ 
tectures (see the SYSTEMS section of 
Tech Releases, this issue, p. 29). 

The new machines from both 
companies use the 20-MHz editions 
of the 80386 and the 80387. The 
resemblance ends there. 

AST’s Preiiiiiiiii/386. AST Research 
has already produced a successful 
ejttension of the AT architecture in 
its Premium/286 (see “The Premi¬ 
um’s Discount Premium” sidebar to 
Directions, Oaober 1987, p. % and 
“Out from the Shadow of IBM: Pre¬ 
mium/286,” Steven Armbrust and 
Ted Forgeron, June 1987, p. 74), 

The Premium/286 extends the archi¬ 
tecture of the AT by providing a 
special bits used primarily for mem¬ 
ory, but that can abo accommodate 
other devices, such as the recendy 
announced 386 add-in board. 

AST’s Premium/386 represents 
another ardhitectural departure from 
. the AT standard, yet retains compati¬ 
bility with die AT bus. AST has intro¬ 
duced arbitration to the bus by add¬ 
ing more sighals and by designing 
slots incorporating the extension. 
Unlike AST’s previous FASTslots, 
these new slots are completely AT 
compatible. Like Compaq’s original 
Desl^ro 386, the Premium/386 has 
a dedicated, 32 -bit memory slot. 

AST refers to the extended bus 
architecture as an “AT-compatible, 
arbitrated muldmaster design.” It is 
expected to go head-to-head with 
IBM’s new Micro Channel architec¬ 
ture (see “An Architecture Rede- 
I fined,” David Methvin, August 1987, 
p. 58), but unlike IBM’s new bus, 
the AST bus can accept existing 
adapter boards. New adapters that 
use the extended bus can gain con¬ 
trol of the bus (that is, become a 
j bus master) and thus direcdy access 
I system resources, as well as estab¬ 
lish a direct communications link 
with the CPU or other bus masters. 


AST intends to provide its own 
set of adapters that exploit the arbi¬ 
trated, bus. The first will be a Bus 
Master Cache Disk Controller (ESDI) 
that will allow the Premium/386 to 
achieve higher disk performance 
than typical 386 systems. AST has 
suggested that graphics and commu¬ 
nications are other good choices for 
the new bus because improved per¬ 
formance in those areas can signifi¬ 
cantly increase system throughput. 

In keeping with its policy of 
ofiering high-performance machines 
at reasonable cost, AST’s price for 
the 20 -MH 2 Premium/386 with 40MB 
of hard disk is $ 5 , 600 , or about 
$900 less than the I 6 -MH 2 Desk- 
pro/386 and $1,400 less than the 
I 6 -MH 2 : PS/2 Model 80-041. Although 
that price hardly knocks the mail¬ 
order cloners back on their heels, it 
is aggressive for equipment that is 
sold through full-support retail 
channels. For those reasons, the Pre¬ 
mium/386 could become even more 
popular than the original Deskpro 
386 for those who want to begin 
work in the 80386 world. 

Compaq’s Deskpro 386/20. Compaq 
took a different approach with its 
new Deskpro 386/20. In the tradi¬ 
tion of its other Deskpro models, 
the I/O bus is compatible with the 
8 -MH 2 AT bus. No other changes or 
extensions were made. For Compaq, 
the trick is how the old I/O bus is 
connected to the processor. 

In the AT architecture, the bus 
comes direcdy to the processor, 
which itself performs most of the 
control functions. Therefore, the 
transfer of data between the CPU 
and other system resources usually 
cannot be accomplished without the 
expense of many CPU cycles. Com¬ 
paq has attempted to optimi 2 e CPU- 
related data transfer by providing a 
32 -bit bus connecting the 80386 
processor, the 80387 math copro¬ 
cessor, and cache memory. Operat¬ 
ing at 20 MH 2 , the bus can sustain 
40MB-per-second operation; cache 
memory is 2 ero-wait-state. 

This bus is managed by the 
Intel 82385 high performance 32-bit 
cache controller chip j which also 
manages both the AT-compatible, 
8 -MH 2 system I/O bus and the 20- 
MH 2 , 32-bit system RAM bus. The 
system memory uses less expensive 


RAM (than the cache, for example) 
and therefore incurs one wait state. 

The use of the 82385, in what 
Compaq refers to as the Compaq 
Flexible Advanced Systems Architec¬ 
ture, allows the CPU to be all but 
isolated from data transfers that or¬ 
dinarily would consume CPU time. 

A disk transfer, for example, could 
take place entirely between the I/O 
bus and the system RAM under con¬ 
trol of the 82385. During that trans¬ 
fer, the CPU would normally be 
fetching instruaions and data from 
cache memory. Compaq’s use of the 
82385 is so complete and sophisti¬ 
cated that data in cache memory are 
automatically updated if they change 
in system memory, because of input 
from the I/O channel. 

The Compaq solution yields a 
machine that is entirely compatible 
with the PC and AT standard hard¬ 
ware and software, yet delivers strik¬ 
ing performance approaching that of 
a dedicated workstation. Surpris¬ 
ingly, the 2 O-MH 2 Deskpro 386/20, 
with 60MB of hard disk and a po¬ 
tential performance increment of 50 
percent over the original Deskpro : 
386 , is only $7,499 ($ 1,000 more 
than the Deskpro 386). It is also just 
$500 more than the IBM PS/2 Model 
80-041 (40MB), but $1,000 less than 
the Model 80-071 (70MB); remem¬ 
ber, those two IBM models are I 6 , , 

MHz to boot. The 20-MHz PS/2 
Model 80-111 (115MB) lists for 
$10,995; the comparable Compaq 
386/20 (2MB RAM, 130MB disk) is 
$10,048, or about $950 less. The 
PS/2 models include the Video . . ^ 
Graphics Array (VGA), so Compaq’s 
advantage is somewhat lessened. 

Both the AST and Compaq en¬ 
tries in the 386 sweepstakes com¬ 
pete directly with IBM’s PS/2 line. 
Both companies have chosen to ig¬ 
nore the Micro Channel bus, at least 
for the moment, in favor of compat¬ 
ibility with an installed base of 10 
million machines and its massive set 
of third-party options. At the same 
time, both machines exploit new 
technology and architecture to offer 
the user equipment that is both 
functional and capable. 

Both machines will probably be 
so popular, however, that they will 
be in rather short supply. 
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Cotupaq Deskpro 386120 (left) and the Conipcu/ Portable 386 


SYSTEMS 

A microcomputer based on the 20-MHz 
Intel 80386 has been introduced by 
AST Research, Inc. The Premium/ 
386 operates at one or zero wait states 
and features an AT-compatible multi¬ 
master bus, 1MB or 2MB standard 32- 
bit memor}^ on the system board (ex¬ 
pandable up to 13MB), support for a 
series of high-capaciw disk drives, a 
high-speed ESDI bus master, two serial 
ports, one parallel port, support for the 
80287 or 80387, switchless installation, 



16-MHz Premiiim/386from /\ST Research. Inc. 


optional graphics support, and a key¬ 
board speed select. Model 40 comes 
with 1MB RAM and a full-height 40MB 
hard-disk drive. Other models feature 
2MB RAM and increased hard-disk stor¬ 
age capacity. AST’s multimaster bus is a 
shared memor\^ architecture that im¬ 
proves overall performance by elimi¬ 
nating CPU involvement in data trans¬ 
fers and has an inherent ability to ac¬ 
commodate advanced coprocessor and 
multiprocessor architectures while pro¬ 
viding compatibility with the current AT 
bus by using a higlvspeed, 32-bit data 
path from CPU to memoiy and using 
16-bit data paths to provide AT compat¬ 


ibility. Model 40, $5,600; prices for 
other models are not yet available. 

AST Research, Inc., 2121 Alton A venue, 
Irvine, CA 92714-4992; 714/863-1333 

CIRCLE 302 ON READER SERVICE CARD 

Combining the Intel 20-MHz 80386 
using 32-bit architecture with the Intel 
82385 cache-memoiy controller, Com¬ 
paq Computer Corporation’s latest 
microcomputer entr\^ the Deskpro 
386/20, provides performance en¬ 
hancements unequaled by l6-MHz 
80386-based systems. The Deskpro 
386/20 is available in three models dis¬ 
tinguished by storage capacity. Model 
60 includes 1MB of I^AM with an addi¬ 
tional 32KB of static RAM for cache 
memory, one high-performance 60MB 
hard-disk drive with an average access 
time of less than 30 ms, one 5.25-inch 
1.2MB diskette drive, realtime clock, 
standard interfaces for parallel and 
asynchronous communications, and a 
socket for either a 20-MHz 80387 or an 
optional Weitek coprocessor board. 
Other standard features include a secu¬ 
rity keylock, Compaq Expanded Mem¬ 
oiy Manager (CEMM), a disk-caching 
utility, Compaq enhanced keyboard, 
and a 220-watt power supply. Available 
expansion slots include four 16-bit and 
two 8-bit slots. Room for up to four 
internal storage devices is included. 
Model 130 includes all of the standard 
features of Model 60 but has a 130MB 
hard-disk drive (with an average access 
time of less than 20 ms). Model 130 
only has room for three additional in- 
ternaL storage devices and has one less 
16-bit slot available than Model 60. 
Model 300 includes all of the features 
of Model 130 but increases the hard¬ 
disk drive capacity to 300MB. Model 60, 
$7,499; Model 130, $9,499; and Model 
300, $12,499; 20-MHz 80387, $1,199; 
Weitek coprocessor board, $1,999. 

Optional 40MB ($1,999) and 
135MB ($1,999) internal tape backup 
systems (with data transfer rate of 1MB 


and 5MB per minute respectively) are 
available for the Deskpro 386/20. 

A portable system incorporating 
the Intel 20-MHz 80386, the Portable 
386, also was announced by Compac]. 
Standard features for both configura¬ 
tions include 1MB high-speed 32-bit 
RAM expandable internally to 10MB 
(the main system board can accommo¬ 
date 2MB), a 5.25-inch 1.2MB diskette 
drive, a socket for a 20-MHz 80387, a 
high-resolution dual-mode plasma dis¬ 
play, automatic 110V/220V line selecting 
feature, asynchronous communications, 
parallel and RGBI interfaces, and a 
realtime clock/calendar. Weighing only 
20 pounds. Model 40 features a 40MB 
hard-disk drive with an average access 
time of less than 30 ms. Model 100 
increases the disk capacity to 100MB 
(with an average access time of less 
than 25 ms), but only weighs one 
pound more than Model 40. Both mod¬ 
els come standard with the Compaq 
portable enhanced keyboard, featuring 
a 91-key layout ( including 12 program¬ 
mable function keys and a 10-key nu¬ 
meric/cursor keypad) that is fully com¬ 
patible with software written for stan¬ 
dard enhanced keyboards. Model 40, 
$7,999; Model 100, $9,999. 

An optional plug-on expansion 
unit ($199) that includes two full-size 
16-bit slots is available. A 40MB hard¬ 
disk drive backup expansion unit 
($999) that is attached to the back of 
the Portable 386 can be easily removed 
to be left behind or taken with the 
computer. The self-contained unit mea¬ 
sures 9.8 by 16 by 7.8 inches. A 1MB 
80-nanosecond RAM upgrade is $599. 
Compaq Computer Corporation, 20555 
FM 149, Houston, 7X 77070; 
713/370-0670 
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From IBM Corporation comes the 
IBM Personal Systeni/2 Model 80- 
311 , a floor-standing system with a 20- 
MHz zero-wait-state 80386 that offers 
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PCI25I'i .25 inch ta/K’ clrii'e from Cipher Data Products 


more than two-and-one-half times the 
sianclarcl storage capacity* of the Model 
80-111 announced in April. The system 
features a S.25-inch 314MB hard-disk 
drive with room for another 5.2S-inch 
hard disk. vStandard configuration in¬ 
cludes 2MB RAM system board memoiy 
(which can he expanded to 4MB on 
the system board and maximum mem¬ 
ory* to 16MB with memory* boards), a 

3.5-inch 1.44MB diskette drive with 
another optional diskette drive, Micro 
Channel architecture, diskette control¬ 
ler, serial port, parallel port, keyboard/ 
pointing-device ports. Video Graphics 
Ai*ray (VGA) on the system board, and 
seven available slots (four 16-bit and 
three 32-bit). $13,995. The 314MB 
Fixed Disk Drive Option easily^ 
attaches to Models 80-071 and 80-111 
without the need to use an expansion 
slot. $6,495. 

A member of the PS/2 family for 
educational, lK)mc, and small-busine,ss 
use has been designed by* IBM. The 
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/BM Personal Syste/ri/2 Model 25 irith s/kice-uiriufi keyhoard 

IBM Personal Systeni/2 Model 25 

operates at 8 MHz with zero wait states 
with an Intel 8086. Standard features 
include 512KB on sv'stem board (which 
can be upgraded to 640KB), 3.5-inch 
720KB diskette drive, 64KB ROM con¬ 
taining power-on self-test (POST) of 


system coiiiponents, BASIC language 
interpreter and BIOS support, diskette 
controller, serial and parallel ports, 
Multi-Color Graphics Ai'ray (MCGA) 
capability located on the system board, 
twt) expansion slots (one full size and 
one half size) and a choice of either 
the IBM space-saving keyboard (4.2 
pounds, l6-by-7.5 inches) or, for an 
additional $45, the 101-key IBM en¬ 
hanced keyboard. With 12-inch mono¬ 
chrome monitor, $1,395; with 12-inch 
color monitor, $1,695; 128KB system 
board memory expansion kit, $49. 

IBM Coiporatioii, Information Systems 
Group, 900 King Street, Rye Brook, W 
I0S73; 8001426-2408 
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Celebrating their tenth anniversaiy in 
the microcomputer industiy, Tandy 
Corporation has unveiled four PC- 
compatible computers. The Tandy 
4000 personal computer features the 
Intel 80386 operating at 16 MHz, one 

3.5-inch 1.44MB diskette drive, and four 
single in-line memoiy modules (SIMM) 
in the base configuration of 1MB. Eight 
application-specific integrated circuits 
(ASIC) are added for reliability. Stan¬ 
dard configuration includes 1MB I^AM 
expandable to 2MB on the main logic 
board using 256KB I^AM modules or 
SMB using 1MB 1^1 modules. The 
Tandy 4000 has two 8-bit and six 16-bit 
expansions slots. One dedicated 32-bit 
slot for mernoiy expansion also is 
a\'ailable. An optional 2MB memoiy 
exj^ansion board brings maximum 
memory* configuration up to 4MB using 
256KB RAM modules or 16MB using 
1MB RAM modules. 7wo drive slots 
accessible from the fromt panel accom¬ 
modate the Ibllowing storage options: 

3.5-inch diskette drive (720KB or 
1.44MB); 5.25-inch diskette drive 
(36()KB or 1.2MB); 28-ms 40MB hard¬ 
disk drive; 65-ms 20MB hard-disk drive; 
20MB internal disk cartridge system; 
and 40MB tape backup system. $2,599. 


The Tandy 3000HL, an OS/2 
ready', 16-bit computer, operates at a 
clock speed of 8 MHz, has one 5.25- 
inch 360KB diskette drive with two 
front drive slots to accommodate half¬ 
height internal drive options. Standard 
configuration includes 512K13 IWd (ex¬ 
pandable to 4MB), seven expansion 
slots (four 8-bit and three 16-bit), and a 
parallel port. $1,499. 

The Tandy 1000 TX contains the 
Intel 80286 and a 3.5-inch diskette 
drive coupled with seven ASIC chips. A 
parallel printer port, RS-232C serial 
port, two joystick ports, three-voice 
sound, headphone jack, MS-DOS 3.2, 
GW-BASIC, and Radio Shack’s Personal 
DeskMate sofm^are are all supplied. 
Standard configuration consists of 
640KB of memory^ one 3.5-inch 720 
floppy drive and five 10-inch long, 8-bit 
expansion slots. $1,199. 

The Tandy 1400LT is a battery-¬ 
powered portable that uses the NEC 
V-20 operating at switchable clock 
speeds of 7.16 or 4.77 MHz. The porta¬ 
ble is equipped with 768KB of RAM, 
two internal front-mounted 3.5-inch, 
720KB disk drives, a back-lit supertwist 
LCD display, and a removable 12-volt 
batteiy pack (rated at 4 hour continu¬ 
ous use) or AC adapter. It weighs 13.5 
pounds and has dimensions of 14.5 by 
12.375 by 3.5 inches. $1,599. 

Tandy Coiporation, 1800 One Tandy 
Center, Fort Worth, 7X 76102: 
817/390-3700 
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PERIPHERALS 

Two .25-inch tape systems for the IBM 
PC, PC/XT, PC/AT, and Personal System/ 
2 have been introduced by Cipher 
Data Products, Inc. The PC60Bi 
(60MB) and PC125Fi (125MB) are 
half-height internal drives; both tape 
systems include mounting hardware, 
controller card, cable, software, and 
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Announcing - the database 
development system that 
you designed. 


PROGRAMMERS- 

We asked what you 
wanted in a database 
development system and 
we built it! 

db_VISTA Iir“ is the database development system for 
programmers who want powerful, high performance 
DBMS capabilities ... and in any environment . Based on 
the network database model and the B-tree indexing 
method, db_VISTA III gives you the most powerful and 
efficient system for data organization and access. From 
simple file management to complex database structures 
with millions of records. db_VISTA III runs on most 
computers and operating systems like MS-DOS, UNIX, 
VAX/VMS and OS/2. It’s written in C and the complete 
source code is available, so your application perfor¬ 
mance and portability are guaranteed! With db_VISTA 
111 you can build applications for single-user microcom¬ 
puters to multi-user LANs, up to minis and even main¬ 
frames. 


RAIMA’S COMMITMENT TO YOU: No Royalties, Source 
Code Availability, 60 days FREE Technical Support and 
our 30-day Money-Back Guarantee. Extended services 
available include: Application Development, Product 
Development, Professional Consulting, Training Classes 
and Extended Application Development Support. 


HOW TO ORDER: Purchase only those components 
you need. Start out with Single-user for MS-DOS then 
add components, upgrade ... or purchase Multi-user 
with Source for the entire db_VISTA III System. 

It’s easy... call toll-free today! 


RELATIONAL DBMS 
INDE.X 


TABLE I 


TABLE 2 


NETWORK MODEL DBMS... db_VISTA' 
RECORD 1 RECORD 2 


db_VISTA out-perforras 
relational DBMS’s with direct 
access to data and less data 
redundancy. Your applications 
run faster and more efficiently! 
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rhe db_VISTA III™ Database Development System 


I db.VISTA™: The High Performance DBMS 

rhe major features include: • A runtime library of over 100 functions. 

' Multi-user support for LANs and multi-user • Operating systems: MS-DOS, UNIX V, 
computers. XENIX, VMS, OS/2. 

' Multiple database access. • C Compilers: Lattice, Microsoft, IBM, 

File and record locking. Aztec, Computer Innovations, TUrbo C, 

Automatic database recovery. XENIX, and UNIX. 

Transaction processing and logging. • LAN systems: LifcNet, NetWare, PC Net- 

’ Timestamping. work, 3Com, SCO XENIX-NET, other NET- 

Database consistency check utility. BIOS compatible MS-DOS networks. 

• Fast access methods based on the network 

database model and B-iree indexing. Uses 0 db_QUERY:”' The SQL-based Query, 
both direct “set” relations and B-tree in- • Provides relational view of db_VlSTA 
dexing independently for design flexibility applications, 

and performance. • Structured Query Language 

' An easy-to-use interactive database access • C linkable. 

utility. • Predefine query procedures or run ad-hoc 

' File transfer utilities for importing/export- queries “on the fly”, 
ing ASCII text and dBASE Il/III files. 

' A Database Definition Language patterned Q db_REVISE™; The Database 
after C. Restructure Program. 

Virtual memory disk caching for fast • Redesign your database easily. 

database access. • Converts all existing data to revised design. 


db_VISTA III™ Database 
Development System 

dbj/ISTAIII ” S595 - 3960 

db.QUElYf 8 595 - 3960 
db_ IVEVISE 8595 - 3960 

db_ VISTA” File Manager Starts at S195 

We’ll answer your questions, help 
determine your needs and get you started. 

CALL TODAY! 
an l-800-db-RAIMA 

(that’s 1-800-327-2462) 


Ml components feature royalty-free run-time distribution, source code 
ivailability and our commitment to customer service. That’s why corporations 
ikeARCO, AT&T, Hewlett-Packard, IBM, Northwestern Mutual Life, UNISYS 
ind others use our products. 


1 CORPORATION 

3055 112th Avenue N.E., Bellevue, WA 98004 (206)828-4636 
Telex; 6503018237MC1UW FAX: (206)828-3131 





ScaanCorp Sen ices, Inc. ’s CacheRam controller bocira DATAGATE/IAN LAN-to-IBM gateivay board from Wall Data 


user documentation. The PC60Bi and 
PC125Fi systems support DOS, XENIX, 
and networks such as Novell's Ethernet 
and IBM's Token-Ring. A QIC-24 re¬ 
cording format with SYSTOS tape oper¬ 
ating system provides compatibility 
with the IBM 6157 tape drive. The soft¬ 
ware allows users to backup systems 
on a selective file-by-file, panition, or 
entire-disk basis and offers other capa¬ 
bilities for backup, verification, and res¬ 
toration of files. A timer system allows 
unattended backup. PC60Bi, $1,195; 
PC125Fi, $1,495. 

Cipher Data Products, Inc., 10101 Old 
Grove Road, P.O. Box 85170, San 
Diego, CA 92138; 8001424-7437; 
6191578-9100 

CIRCLE 312 ON READER SERVICE CARD 

An intelligent hard-disk drive copro¬ 
cessor card is available from Scaan¬ 
Corp Services. The CacheRam con¬ 
troller features track caching, disk-drive 
monitoring with automatic repair, data 
prefetching, minimum-seek write oper¬ 
ations, cached logical partitions, redun¬ 
dant drive operation, and a dynamic set 
of statistics to manage hard disks and 
monitor CacheRam controller activity. 
I^ encoding and 1KB physical sector 
size with one-to-one interleaving are 
included. Complete with a 6-MHz 
microprocessor, 512KB of cache mem¬ 
ory (expandable to SMB), a dual-chan¬ 
nel DMA (direct memory access) con¬ 
troller, hard-disk BIOS, and an RLL 
hard-disk controller, this board is capa¬ 
ble of controlling two high-capacity 
ST506/412 hard-disk drives. An auto¬ 
matic self healing (ASH) feature repairs 
grown defects in the hard-disk media. 

A ShadowDrive feature allows two 
identical hard-disk drives to be config¬ 
ured as a mirrored backup system. All 
data is written to both drives with no 
speed degradation to the host. If un- 
correctable data is read from one drive, 
the data is immediately read from the 
redundant drive and returned to the 


host. The CacheRam controller will 
then repair or remap the faulty track 
using valid data read from the alternate 
disk drive. 512KB, $495. 

ScaanCoip Services, 4241 N. Hall 
Stt^eet, Dallas, TX 75219; 2141520-7270 

CIRCLE 313 ON READER SERVICE CARD 

Mass-storage products for the IBM Per¬ 
sonal System/2 Model 25 are being 
made by CMS Enhancements, Inc. 
The subsystems come in the following 
formatted capacities: K20M25, 20MB; 
K30M25, 30MB; K40M25, 40MB; and 
K49M25, 49MB. The 20MB and 40MB 



K20M25 hard disk .subsystem from QMS Enhancements 

units feature an 80-ms average access 
time and a data-transfer rate of 5 Mbps. 
The 30MB and 49MB units are have a 
35-ms average access time and data- 
transfer rate of 7.5 Mbps. K20M25, 

$595; K30M25, $895; K40M25, $799; 
K49M25, $995. 

CMS Enhancements, Inc., 1372 
Valencia Ai^e., Tustin, CA 92680; 
714/259-9555 

CIRCLE 315 ON READER SERVICE CARD 

A 32MB memory board has been devel¬ 
oped by Newer Technology for tlie 
IBM PC/AT and Personal System/2 


(PS/2). CONCENTRATION allows the user 
to increase memory capacity up to 
32MB on a single expansion card with¬ 
out using piggyback boards, concentra¬ 
tion has backfill capabilities from 
128KB without using any DIP switches. 
This memor\^ board uses single in-line 
RAM modules (SINs) in either socketed 
or soldered versions, concentration 
can be configured with either 256KB or 
1MB chips and can operate at either 10 
MHz with zero wait states or 16 MHz 
with one wait state. By changing the 
address, the user can take advantage of 
as much or as little expanded memoiy 
or virtual-disk memotv^ concurrently as 
needed, concentration has built-in par¬ 
ity checking and is available in standard 
AT or IBM PS/2 Micro Channel configu¬ 
rations. With 0KB installed, $399. 

Newer Technolog\>, 1117 S. Rock Road, 
Suite 4, Wichita, KS 67207; 
316/685-4904 

CIRCLE 311 ON READER SERVICE CARD 


CONNECTIONS 

A high-performance LAN-to-IBM gate¬ 
way is being offered by Wall Data, 

Inc. The datagate/lan allows up to 32 
PCs on a LAN to simultaneously con¬ 
duct remote 3270 sessions with an IBM 
mainframe, datagate/lan is an intelligent 
card that fits into any PC slot. It has its 
own microprocessor with 256KB on¬ 
board memor^^ and gateway software 
to emulate remote IBM 3174/3274 clus¬ 
ter controllers. It supports NETBIOS- 
compatible LANs and communicates 
simultaneously with SNA and BSC 
hosts, allowing up to 128 sessions. Each 
PC on the LAN has up to seven active 
host sessions that can be allocated be¬ 
tween terminal and printer emulation. 
Wall Data’s workstation software in¬ 
cludes IBM 3278/79 terminal emulation, 
3287 printer emulation, high-speed file 
transfer, and unattended operation as 

Continued on p. 41 
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Once again, 
Compaq 

raises the standard 
of performance 
for personal conputers. 


This time 

by a factor of two... 








Introducing the two 

on earth 



The new COMPAQ DESKPRO 386/20 


Last year, we introduced the 
COMPAQ DESKPRO 386T“ the 
most advanced personal com¬ 
puter in the world. Now the world 
has two new benchmarks from 
the leader in high-performance 
personal computing. The new 
20-MHz COMPAQ DESKPRO 386/20 
and the 20-lb., 20-MHz COMPAQ 
PORTABLE 386 deliver system 


performance that can rival 
minicomputers.' Plus they intro¬ 
duce advanced capabilities, 
without obsoleting your invest¬ 
ment in software, hardware 
and training. 

Our new computers employ 
an industry-standard 20-MHz 
80386 microprocessor and so¬ 
phisticated 32-bit architecture. 


But to make these two of the 
world's fastest PC's, we did 
more than just increase the 
clock speed. 

For instance, both are built 
around a concurrent bus archi¬ 
tecture. 'Two buses—one for 
memory and one for peripherals— 
eliminate information bottle¬ 
necks, allowing each component 


It simply works better. 



















most powerful PC's 
and off. 




and the new 20-MHz COMPAQ PORTABLE 386 “ 


to run at its maximum speed. 
Together, they insure the highest 
system performance without 
sacrificing compatibility with 
industry-standard peripherals. 

Both computers offer disk 
caching. Both offer the most 
memory and storage within their 
classes. Both let you run soft¬ 
ware being written to take ad¬ 


vantage of 386 technology. And 
both run new MS-DOS7BASIC 
Version 3.3 as published by 
Compaq. With it, our new porta¬ 
ble and our new desktop can 
break the 32-megabyte limit on 
file sizes that handcuffs other 
PC's, allowing you to build files 
up to the size of your entire fixed 
disk drive. 


And from now until December 
31,1987, both computers come 
with a free package of new 
Microsoft Windows/386 Presen¬ 
tation Manager. It provides multi¬ 
tasking and switching capabiUties 
with today's DOS applications to 
make you more productive. But 
that's just the beginning. To find 
out more, read on. 


comPAa 















System Board with 20-MHz Cache Memory Controller 


135-MB Tape Backup 


Weitek Coprocessor Board 


20-MHz 80386 processor 


300-MB Fixed Disk Drive 


16 MB of 32-bit RAM 


The most powerful personal 
computer in the world 


The COMPAQ DESKPRO 386/20 
is an impressive 50% faster than 
16-MHz 386-based personal 
computers. Even more impres¬ 
sive is the fact that it's up to 25% 
faster than other 20-MHz 386's. 
That's because the processor is 
just one small part of how the 
COMPAQ DESKPRO 386/20 
outperforms every other PC 


in the world today and even 
many minicomputers. 

The big reason is the new 
COMPAQ Flexible Advanced 
Systems Architecture, which 
optimizes overall system 
throughput while maintain¬ 
ing full compatibility with 
industry-standard peripherals 
It does this by combining an 


advanced memory caching 
scheme with memory and 
peripheral buses that operate 
concurrently. 

Complementing the speed of 
the microprocessor is the new 
advanced 20-MHz Intel* 82385 
Cache Memory Controller. Like 
an efficient secretary that keeps 
frequently used information 
close at hand, it allows the 
microprocessor to operate at 
0-wait states 95% of the time. 

While one bus handles these 
high-speed operations, another 
simultaneously handles periph- 


It simply works better. 
































how to get to 20 MHz, 
most out of 20 MHz. 



erals operating at the industry- 
standard 8 MHz. 

This flexible approach allows 
you to dramatically increase 
system throughput while pre¬ 
serving your investment in mon¬ 
itors, disk drives, and expansion 
boards. It can also accommodate 
today's and tomorrow's most 
advanced peripherals without 
constraining their performance. 

Take options like our new 
Weitek™ Coprocessor Board. 
Never before offered in a PC, 
it can increase the speed of 
calculation-intensive, engineer¬ 


ing and scientific applications 
by a factor of six, giving the 
COMPAQ DESKPRO 386/20 
the performance of a dedicated 
engineering workstation at a 
fraction of the cost. 

Compaq also provides 130- 
and 300-Megabyte Fixed Disk 
Drives with some of the indus¬ 
try's fastest access times. And 
when used with disk caching 
software, they represent the 
highest-performance storage 
subsystems available. 

As for memory, Compaq 
offers 32-bit high-speed RAM. 


One full megabyte comes stan¬ 
dard and is expandable to 16 
megabytes without using an 
expansion slot. Plus, we in¬ 
cluded the COMPAQ Expanded 
Memory Manager. It supports 
the LIM standard so your soft¬ 
ware can break the 640-Kbyte 
barrier even before OS/2™ is 
released. 

As tasks become more com¬ 
plex and users demand more 
advanced capabilities, Compaq 
responds by raising the standard 
of performance in personal 
computing. 


comPAa 






Everyone expected Compaq 

But no one 









Pound for pound, it is the 
world's most powerful computer 


Compaq has long been recog¬ 
nized as the world leader in both 
80386 technology and portable 
computing. So it isn't surprising 
that we would combine the two. 

But no one expected the new 
COMPAQ PORTABLE 386 to run 
at 20 MHz. And no one even 


dreamed that it would offer 100 
megabytes of storage, disk cach¬ 
ing, and much, much more. 

Our newest 20-lb. portable 
computer goes far beyond an 
80386 microprocessor with a 
handle. It's not just the most 
advanced portable in the world. 


Pound for pound, it's the world's 
most powerful computer. Period. 

Like the recent COMPAQ 
PORTABLE Ilir which changed 
the shape of full-function porta¬ 
ble computing, the COMPAQ 
PORTABLE 386 makes no com¬ 
promises. It offers more speed, 
memory, storage and features 
than any other portable PC. It 
runs your current software up to 
25% faster than 16-MHz 386 
PC's. Beyond that, its perform¬ 
ance in calculation-intensive 


It simply works better. 


























to introduce a 386 portable PC. 
expected all this. 



100-MB Fixed Disk Drive 


40-MB Tape Backup 


20-MHz 80386 processor 


10 MB of 32-bit RAM 


■baud Hayes-compatible modem 


S^U-inch L2-MB Diskette Drive 


applications is increased even 
more when you add an optional 
20-MHz 80387 coprocessor. 

Memory? Get one megabyte 
of 32-bit, high-speed RAM stan¬ 
dard or go as high as 10 MB inter¬ 
nally. And like all of the 
COMPAQ 386-based PC's, it fea¬ 
tures the COMPAQ Expanded 
Memory Manager. 

With our high-performance 
100-megabyte internal fixed disk 
drive, you can actually fit 500 lbs. 
of data-fUled pages into a 20-lb. PC, 


imsurpassed storage for a porta¬ 
ble. If that's too much for you, we 
also offer a 40-megabyte model. 

We've become famous for build¬ 
ing desktop computer capabilities 
into our portables without leav¬ 
ing anything out. The COMPAQ 
PORTABLE 386 is more proof. It 
has a high-resolution, 640 x 400, 
10-inch plasma display; a full- 
size, portable enhanced key¬ 
board; two industry-standard 
expansion slots in a lightweight, 
optional plug-on unit; a choice 


between an optional 2400- or 
1200-baud Hayes-compatible 
modem; a full-size 5V4-inch 1.2- 
MB diskette drive; even an op¬ 
tional 40-MB tape backup. 

These features, combined 
with the ultimate in portable 
performance, make the 
COMPAQ PORTABLE 386 the 
biggest PC this small. 


comPAa 






















Compaq moves you ahead 
without leaving you behind. 
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Compaq offers the most complete 
line of high-performance 386 
solutions. They all run industry- 
standard software and hardware, 
protecting the investments you've 
already made. 

At the same time you won't be 
left behind when other technolo¬ 
gies become important. Multi¬ 
task with existing applications 
using Microsoft Windows/386 
Presentation Manager. Add VGA 


graphics if you wish. Run OS/2 
when it's available. And now 
3V2-inch drives are even an op¬ 
tion for our desktops. 

We optimize the most ad¬ 
vanced technology while main¬ 
taining compatibility with the 
past, present and future. This 
makes COMPAQ, PC's a wise 
decision for serious business 
users. Because at Compaq, we 
don't bum bridges, we build them. 


See the COMPAQ DESKPRO 386/20 
and COMPAQ PORTABLE 386 at an 
Authorized COMPAQ Computer Dealer. 
And from now through December 31,1987, 
get Microsoft Windows/386 Presentation 
Manager free when you buy a 386-based 
COMPAQ computer. For more informa¬ 
tion, call 1-800-231-0900, Operator 40. 
In Canada, call 416-733-7876, Oper¬ 
ator 40. 

Weitek™ Lotus,* Intel,* Microsoft,* MS-DOS,* 
Hayes,* and OS/2™ are trademarks of their 
respective companies. 

©1987 Compaq Computer Corporation. 

All rights reserved. 


It simply works better. 


comma 



















UfeSetTcr .-^86, Uniration's netirork serrer 


Clarion f>eneratecl screen (front) nsiiifi an unaltered dliASF. II! file (rear) 


Standard features. Prices range from 
$1,995 for 32 host sessions with one 
host link to $3,495 for 128 host ses¬ 
sions with two host links. 

Wall Data Inc., 17769 N.E. 78th Place, 
Redmond, WA 98052-4992; 
800/433-3388; 206/883-4777 

CIRCLE 310 ON READER SERVICE CARD 

A network server based on 32-bit 16- 
MHz 80386 technology is available 
from Univation, Inc. The LifeServer 
386 network server comes bundled 
with Univation’s LifeNet LAN operating 
system. LifeNet combines file server 
and database server software, pro¬ 
cessing index at the network server, 
instead of at the workstation. LifeServer 
386 includes eight I/O expansion slots 
(one 8-bit, five 16-bit, and two 32-bit 
slots), one serial port, and one parallel 
port. Hard-disk capacity for the server 
ranges from 40MB to 320MB. Two dis¬ 
kette drives, one streaming-tape cas¬ 
sette and two hard disk drives are 
available. LifeServer 386 basic server, 
$4,600; with 2MB RAM, 60MB tape 
drive, and 75MB hard disk, $10,595; 
with 2MB RAM, 60MB tape drive, and 
140MB hard disk, $14,195. 

Univation Inc., 1231 Califomia Circle, 
Milpitas, CA 95035; 800/221-5842; 
408/263-1200 

CIRCLE 308 ON READER SERVICE CARD 


DATABASE MANAGEMENT 

A professional programming tool for 
dBASE programmers, dBFind version 
2.0 is being offered by the Software 
Development Factory. Version 2.0 
finds real syntax errors in dBASE pro¬ 
grams, not just mismatched IF and 
ENDIF control structures. It generates a 
single- and cross-module cross refer¬ 
ence of variables, including the type of 
each reference. The dBFind program¬ 
ming tool runs inside dBASE, so the 
programmer does not have to exit 


dBASE to find syntax errors. Version 2.0 
supports Clipper extensions and checks 
the number of arguments to built-in 
dBASE and Clipper functions. $99. 
Software Development Factory, 400 E. 
Pratt Street, Suite 800, Baltimore, MD 
21202; 301/666-8129 

CIRCLE 317 ON READER SERVICE CARD 

A compiler designed for dBASE-type 
programs has been introduced by 
Sophco, Inc. The force hi compiler is 
written in 80X86 assembly language 
and supports standard dBASE com¬ 
mands. It features arrays, FOR . . . 

NEXT loops, sound, extended math 
functions, I/O directive capability, file 
primitives (such as FOPEN and FIdEAD), 



l-ORCV. /// dHASI: compiler (front) hy Sophco, Inc. 


and new numeric data types, force hi 
automatically takes advantage of an on¬ 
board math coprocessor when present. 
It comes with complete documentation 
and the 850-page dBASE reference book. 
Advanced dBASE /// plus Programming, 
and Techniques, by Miriam Liskin (Os¬ 
borne/McGraw-Hill). $129. 

Sophco, Inc., P.O. Box 7430, Boulder, 
CO 80306-7430; 800/922-3001; 
303/444-1542- 

CIRCLE 319 ON READER SERVICE CARD 

A software bridge has been unveiled by 
Barrington Systems, Inc. that pro¬ 
vides diiASE III users with an easy migra¬ 


tion path to Barrington’s Clarion appli¬ 
cation development environment, while 
retaining file compatibility with existing 
dBASE programs. Called the Data Base 
Three LEM (Language Extension Mod¬ 
ule), it provides the capability of read¬ 
ing and writing cIbase hi files with Clar¬ 
ion application programs. The LEM 
provides file-processing commands for 
.DBF files that parallel Clarion file-pro- 
cessing commands. Record keys can be 
the same as those used in dBASE iii pro¬ 
grams or unique to the Clarion-written 
application. Indexes are updated and 
maintained by the Clarion program 
during processing; they are valid for 
subsequent processing by .PRG pro¬ 
grams. The Data Base Three LEM, 

$49.50; Clarion, $395.00. 

Bamngton Systems, Inc., 150 E. Sample 
Road, Pompano Beach, EL 33064; 
800/354-5444; 305/785-4555 

CIRCLE 318 ON READER SERVICE CARD 

The first codevelopment project be¬ 
tween Ansa Software and Borland 
International following their pro¬ 
posed merger has been announced. 
Version 2.01 of Ansa’s multi- and 
single-user database program, Paradox, 
includes Borland’s EMS Driver. The 
addition of the EMS Driver allows a 
Paradox user in the single-user envi¬ 
ronment to take full advantage of the 
expanded memon^ capabilities offered 
by the IBM Personal System/2 Models 
50 and 60. By accommodating the 
Lotus/Intel/Microsoft expanded memor\^ 
specification (LIM EMS) on the IBM 286 
Memoity Expansion Option board, Bor¬ 
land’s software driver adds up to 2MB 
of memory^ per board, or up to 8MB 
per system for PS/2s. Free upgrade 
from 2.0; upgrade from 1.1, $195. 

Ansa Software, 1301 Shoreway Road, 
Belmont, CA 94002; 415/595-4851 

CIRCLE 320 ON READER SERVICE CARD 

Borland International 4585, Scotts 
Valley, CA 95066; 408/438-8400 

CIRCLE 321 ON READER SERVICE CARD 


NOVEMBER 1987 


41 





























Exploring the possibilities of 
your new IBM® Personal Systein/2' 
Model 50 or 60 computer? Search¬ 
ing for a way to reach the full 
potential of OS/2™ software? Dis¬ 
covering the resources of the 
newest technolog¬ 
ical frontier—IBM's 
Micro Channel™? 

Let AST® be your 
guide. We've helped over two 
million people make the most of 
their personal computers. And 
now, with our new memory/multi¬ 
function board, Advantage™/2, 
we'll help you take advantage of 
your Personal System/2 and the 
Micro Channel. 


Advantage/2 offers up to eight 
megabytes of Extended Memory 
with the addition of multifunction 
capabilities...all in a single slot 
That's a valuable consideration in 
the confining, three-slot surround¬ 
ings of the Model 50. 

Also, you're buying a 
memory board from 
AST, the company with 
the most experience in enhancing 
personal computers. And when 
you're exploring new territory, it's 
always a good idea to rely on the 
company with the proven track 
record. 

When you're ready to explore the 
potential of your new computer. 


call AST. The number is (714) 863-1480. 
Or send in the coupon to AST-Research, 
Inc, 2121 Alton Aveiide, 

Irvine, CA 927144992, " 

Attxi;M.C. R€S€flRCHINC. 


r 


C Send me information 6n‘Advantage/2 toddy. 

□ Please have an AST Telemarketing representative call me. 

Name_ 

Title_ , _; 


Company _ 
Address_ 


_ State_Zip_ 


Telephone _ 


I Send to: AST Research, Inc. 2121 Alton Avenue, Inine, CA 
I 927144992,Attn:M.C. _PCTJ1187 


AST markets products worldwide—in Europe and the Middle East call: 4 1 568 4350; in the Far East call 852 5 717223; in Canada call 416 826 7514. AST, AST logo registered 
and Advantage trademark of AST Research, Inc. IBM registered and Personal Systetni2, Micro Channel atid OSI2 trademarks of International Business Machines Corp., Inc. Copyright © 1987, 
AST Research All rights reserved. 


CIRCLE NO. 199 ON READER SERVICE CARD 














Saeeti s/jot of mbp Software's 


SOFTWARE DEVELOPMENT 

An EMS Driver for the IBM Personal 
System/2 Models 50 and 60 is being li¬ 
censed to OEMs and software develop¬ 
ers by Borland International. With 
the software driver, licensees can ac¬ 
commodate the Lotus/Intel/Microsoft 
expanded memory specification (LIM 
EMS) on IBM’s 286 Memory Expansion 
Option, a memory board that adds up 
to 2MB of memory per board for the 
PS/2. Borland’s EMS Driver takes advan¬ 
tage of the unpublished bank-switching 
capability of IBM’s expansion option to 
deliver high-performance, high-speed 
memor>^ management. Borland will in¬ 
clude the EMS driver with many of its 
products, including SideKick Plus, Re¬ 
flex: The Database Manager, and EMS 
Toolbox. The EMS Driver also includes 
an EMS RAM disk, printer spooler, and 
a quick set-up program. (See the re¬ 
lated announcement involving Ansa 
Software’s Paradox 2.01 in the database 
MANAGEMENT SeCtion, p. 4l.) 

Borland Intematiojial 4585 Scotts 
Valley Drive, Scotts Valleys, CA 95066; 
408 / 438-8400 

CIRCLE 322 ON READER SERVICE CARD 

From mbp Software and Systems 
Technology, Inc. comes the release 
of Visual COBOL-85, a native-code 
COBOL compiler for the IBM PC based 
on the ANSI COBOL-85 standard. The 
heart of Visual COBOL-85 is an inte¬ 
grated screen management system 
(SMS) that eliminates much of the cod¬ 
ing that is normally required to gener¬ 
ate screens. Some highlights of the SMS 
are automatic line and box drawing, 
foreground and background color sup¬ 
port, pull-down menus, user-selectable 
character attributes, and unlimited win¬ 
dowing capability. Visual COBOL-85 
supports Intel’s large memory model 
for object code, allowing programmers 
to take advantage of the maximum 


COBOL-85 Vje Norton 


640KB of user memory^ under DOS. 
Other features included are a multi- 
keyed ISAM facility, an interface to 
Microsoft C 4.0, GSA certification, and a 
SHRINK utility that reduces the storage 
requirements of .EXE files by more 
than 50 percent. $1,295. 
mbp Software ay^d Systems Technology^ 
Me., 1131 Harbor Bay Parkway, Suite 
260, Alameda, CA 94501-6540; 
800/231-6342; 415/769-5333 

CIRCLE 331 ON READER SERVICE CARD 

Release 3.0 of the screen-ace form 
master for APL, C, and Assembly lan¬ 
guage on the IBM PC and PS/2 families 
of computers is available from ACE 
Software Products, Inc. The Form 
Master is designed to create and main¬ 
tain forms, tables, text screens, and 
menus. The programmer is allowed to 
tailor the user interface to the needs of 



Screen sJjot of ACE Software’s SCREEN ACE 3.0 form master 

the application. Some new features in 
this release include mouse support, 
keyboard remapping and redefinition, 
support for extended keyboards, an 
enhanced screen builder, pop-up win¬ 
dows (both tiled and overlaid), data 
validation, new field types, and graphic 
mode support. It is also compatible 
with DESQview, TopView, and Windows. 
The IBM PS/2 Models 30, 50, 60 and 80 
are supported using OS/2 (in compati¬ 
bility mode) or DOS 3.3. VGA, MCGA, 
EGA, CGA, and MDA are fully sup¬ 
ported. Included with screen-ace is a 


1 Line Programmer’s Guides for assembly language 

demonstration diskette, screen-ace 3.0, 
$195; demo disk alone, $3. 

ACE Software Products, Inc., Product 
Sales and Support, 6934 Petit Avenue, 
Van Nuys, CA 91406; 818/989-5329 

CIRCLE 329 ON READER SERVICE CARD 

Peter Norton Computing, Inc. has 
released The Norton On Line Pro¬ 
grammer’s Guides. Available in four 
languages, C, Assembly, Pascal, and 
BASIC, this new software program is an 
on-line language reference database 
system for programmers. Language syn¬ 
tax, data types, library functions, ASCII 
characters, error messages, keyboard 
scan codes, and more can be instantly 
accessed while running any other pro¬ 
gram. The core of the Norton Guides is 
the Instant Access Program, which is 
I^AM resident and uses about 65KB of 
memory^ The Access Program can be 
purchased by itself, or with a Reference 
Database package. Additional Reference 
Database packages may be purchased 
separately to run on the Access Pro¬ 
gram. The Norton Guides can run in a 
conventional memory-resident mode 
(where the Norton Guides are loaded 
at start-up time—before applications 
are run), or a pass-through, memoiy- 
resident mode (the Norton Guides are 
invoked on the same DOS command 
line and are automatically uninstalled 
when the application ends). The 
Norton Guide’s reference compiler has 
been included for the user to create 
their own Reference Databases com¬ 
plete with pull-down menus and ex¬ 
pandable entries. Instant Access Pro¬ 
gram and one language database, $100; 
subsequent databases, $50 each. 

Peter Norton Computmg, Me., 2210 
Wilshire Blvd., Suite 186, Santa 
Monica, CA 90403-5784; 213/453-2361 

CIRCLE 335 ON READER SERVICE CARD 

An advanced virtual memory product, 
VMEM, has been announced by Softools 
Software, vmem is a multipurpose vir- 
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TECH RELEASES 



CxPERT expert t^’stem builciinfi tool from Software Plus, Ltd. 


PVGAl video controller doip from Paradise Systems 


tual memory manager for C programs 
running in a DOS environment. Its fea¬ 
tures include memory usage that can 
be adjusted at runtime for 2KB to all 
available core, dynamic expansion at 
runtime, user-selectable page size, 
memory locking for frequently used 
data, data elements not limited in size 
or alignment, least recently used page 
replacement strategy, fast insertion and 
deletion at arbitrary locations, multiple 
virtual buffers open concurrently, and 
the design guarantees maximum speed 
and efficiency. $289. 

Softools Software, 5245 E. Larkspur 
Drive, Scottsdale, AZ 85254; 
602/996-3110 

CIRCLE 330 ON READER SERVICE CARD 

A software development tool for build¬ 
ing expert systems in C has been an¬ 
nounced by Software Plus, Ltd. 

Called CxPERT, it fully integrates ex¬ 
pert systems technology into the C pro¬ 
gramming environment. CxPERT sup¬ 
ports backward and forward chaining. 
CxPERT knowledge representation 
methods include attribute value pairs, 
frames, arrays of frames, and rules. 
CxPERT supports hierarchical inherit¬ 
ance and multiple inheritance. Other 
features include explanation, why, and 
logging facilities. Single PC license, 
$295; source-code license for other 
environments, $2,250; object-code site 
license, $650; combination tutorial/ 
demonstration diskette, $10. 

Software Plus Ltd., 1653 Albemarle 
Drive, Crofton, MD 21114; 
301/261-0264 

CIRCLE 333 ON READER SERVICE CARD 

An enhanced version of the Microsoft 
Macro Assembler has been released 
by Microsoft Corporation. Version 
5.0 is considerably faster than previous 
versions and supports both the 80386 
and 80387. Macro Assembler also is 
easier to use than previous versions 
and includes Microsoft’s source-level 


debugger, CodeView. Like Microsoft 
Windows 2.0, CodeView’s user interface 
makes debugging easy by allowing ob¬ 
servation of the program through mul¬ 
tiple windows as the program executes. 
Completely rewritten documentation 
includes a special guide for mixed- 
language programming. Other enhance¬ 
ments include faster linking, DOS inter¬ 
face macros, larger program capacity, 
and additional environment variables 
and command-line options. Version 5.0, 
$150; upgrade from 40, $40; upgrade 
from earlier versions, $75. 

Also released was an enhanced 
version of Microsoft’s QuickBASIC that 
boasts compile speeds of up to 150,000 
per minute, program modification and 
debugging without recompilation, and 
an editor that checks syntax as you 
type, and instantaneous command test- 



Microsoft QuickBASIC 4.0 debugging menu screen 

ing. Version 4.0 comes fully integrated 
with a subset of Microsoft’s CodeView 
debugger, offers multiple module pro¬ 
gramming support, many enhancements 
to the BASIC language, and a multifile/ 
multiwindow editor that supports 
MicroPro’s WordStar commands. Micro¬ 
soft has added binary file I/O capability 
for easier interface to business applica¬ 
tion software such as Lotus 1-2-3 and 
Ashton-Tate’s dBASE iii. $99. 

/Microsoft Corporation, 16011 NE 36th 
Way, P.O. Box 97017, Redmond, WA 
98073-9717; 206/882-8080 

CIRCLE 328 ON READER SERVICE CARD 


TECHNOLOGY 

Specifications on the PVGAl, a single¬ 
chip video controller that provides 
hardware and software-level compatibil¬ 
ity with IBM’s VGA display standard, 
have been released by Paradise Sys¬ 
tems, Inc. It provides up to 640-by- 
480 pixel resolution, displays 16 colors 
out of a palette of 262,144, and also 
supports MCGA, EGA, CGA, and MDA 
display standards. PVGAl has an 8- or 
16-bit data bus for increased speed 
over the 8-bit data bus on IBM’s VGA 
chip and has a 40-MHz maximum dot 
clock that allows it to display higher 
resolutions than 640 by 480 pixels. The 
chip is a 1.5 micron, 12,000 gate 
CMOS. In OEM 100-unit quantities, $60. 
Paradise Systems, Inc., 217 E. Grand 
Avenue, South San Francisco, CA 
94080; 415/588-6000 
CIRCLE 306 ON READER SERVICE CARD 

The ET3000 VLSI chip from Tseng 
Laboratories, Inc. provides register- 
level hardware and software compati¬ 
bility with IBM’s VGA on a single chip. 
ET3000 features resolutions of 800-by- 
600, 720-by-512, 720-by-400, and 640- 
by-480 pixels, a high definition 132- 
column mode, 256 colors that can be 
selected from a palette of 256,000, 
downward compatibility with other IBM 
graphics standards, ultra-high resolu¬ 
tions of 1,024 by 768 pixels (with 16 
colors from a palette of 256,000), inter¬ 
laced and noninterlaced scan mode, 
color and monochrome text modes, 
and external digital-to-analog interface. 
In OEM quantities, $45 each. 

Tseng Laboratories, Inc., 10 Pheasant 
Run, Newton, PA 18940; 215/968-0502 

CIRCLE 307 ON READER SERVICE CARD [niiimmi ^1 


The material that appears in Tech Releases 
is based on vendor-supplied information. 
These products have not been reviewed by 
the PC Tech Journal editorial staff. 
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Upgrade your technology 


The software technology available to 
programmers of IBMcompatible per¬ 
sonal computers is truly amazing. 
And newer, more powerful develop¬ 
ment packages appear all the time. 
But until now, finding out about these 
important products has been a diffi¬ 
cult and time consuming task. 


Large Inventory. We have one of the 
largest inventories of programmer’s 
development products in the industry. 
Most orders are shipped within 24 
hours. 

Noncommissioned Staff. Our courte¬ 
ous salespeople are always ready to 
help you. And if you aren’t sure about 


FREE Buyer’s Guide. The 

New 76 page Programmer’s 
Connection Fall 1987 Buy¬ 
ers Guide contains individ¬ 
ual descriptions of over 
500 titles of programmer’s 
development software by 
over 150 manufacturers. 
Each description covers 
major product features as 
well as any software or 
hardware requirements and 
version numbers. In the box 
on the right are some ex¬ 
amples of the types of de¬ 
scriptions you’ll find in our 
Buyer’s Guide. 

No Hidden Charges. The 
low discount prices in our 
Buyer’s Guide are all you 
pay. We don’t charge extra 
for UPS Ground shipping, 
credit cards, COD orders, 
purchase orders, sales tax 
(except Ohio) or special 
handling (except for non- 
Canadian international 
orders). 

Guarantees. We offer FREE 
30-day no-risk return guar¬ 
antees and 30-day evalua¬ 
tion periods on most of our 
products. 

Latest Versions. The prod¬ 
ucts we carry are the latest 
versions and come with the 
same manufacturer’s techni¬ 
cal support as if buying 
direct. 


Blaise 

C TOOLS PLUS/5.0 

List $129 Ours $99 

C TOOLS PLUS/5.0 is a library 
for Micrt^oft^C that can provide 

Dns. 
: take 

advantage of the machine fea¬ 
tures oriBM-compatible per¬ 
sonal computers and DOS and 
complement the standard com¬ 
piler library. Almost all functions 
are written in C using techniques 
most suitable for good C program 
design. Some of the areas covered 
are: extensive string handling; 
screen handling incluaing support 
for multiple monitors and the 
EGA; general utility and 
keyboard functions; DOS 
memory management; windows 
that can be stacked, removed and 
accept user input; intervention 
code; and interrupt service 
routine support for tri^ flexible 
resident applications. CTOOLS 
PLUS/5.0 includes all source 
code, complete examples and a 
comprehensive reference 
manual. 

Supports Microsoft C 5.0 and 
Microsoft QuickC. 


ESP 

Command Plus 

List $80 Ours $69 

Command Plus is a powerful, 
bootable MS-DOS command 
processor fully compatible with 
COMMAND.COM. Many new 
features are included that will 
help you increase your speed, 
productivity and ease of program¬ 
ming. These include a history 
processor that lets you recall and 
edit previously entered com¬ 
mands using the cursor keys. The 
alias facility allows the creation of 
command macros with replace¬ 
able parameters. Other features 
include: regular expressions in 
filenames; directory and argu¬ 
ment stacks; a command line 


editor; access to environment 
variables; a MOVE command; 
and Browse, a full screen file 
viewer. Command Plus also in¬ 
cludes SCRIPT, a batch processor 
that uses a Pascal-like language 
that features: integer and string 
variables; boolean, math ana 
string operators; CALL, 
FOR/WHILE, GOTO, 
IF/THEN/ELSE, and SWITCH 
statements; and display and file 
access routines. Enhancements 
to DIR include sort options and 
file attrib display. COPY options 
include selection by date/time 
range, and recursive sub-directoiy 
processing. 

Requires 48K memory. Ver¬ 
sion 1.2. 


Meridian 

Software 

AdaVantage 
Compiler 2.0 

List $795 Ours $735 

The Meridian AdaVantage Com¬ 
piler is a fully validated implemen¬ 
tation of the Ada language. The 
compiler generates native 8086 
code in the Intel standard object 
format. A linker is provided to 
create stand-alone executable 
files for MS-DOS. The Meridian 
AdaVantage Compiler package 
includes the compiler, linker, 
library management tools, sup¬ 
port packages, runtime libraries 
and a configuration tool. In addi¬ 
tion to the standard Ada pack¬ 
ages, support packages are 
proviaed to make integer, floating 
point and text I/O more con¬ 
venient to implement. The com¬ 
piler also provides a pragma 
INTERFACE used to make calls 
to subprograms written in 8086 
assembly language. Meridian Cor 
Meridian PascaL A source level 
debugger will be available in late 
1987. 1 

Requires hard disk and 640K 
memory. Runtime fees apply if 
more than 99 copies are sold. 
Version 2.0. 


your needs, our knowledgeable tech¬ 
nical people can give you sound, 
objective advice. 

Experience. We’ve specialized in de¬ 
velopment software for IBMcompati¬ 
ble personal computers since 1984 
and are experienced at providing a 
full range of quality products and 
customer services. 

How to Get Your Copy. 
There are three ways for you 
to receive your FREE copy 
of the Programmer’s Con¬ 
nection Buyer’s Guide: 1) 
Use the reader service card 
provided by this journal; 2) 
Mail us a card or letter with 
your name and address; or 
3) Call one of our convenient 
toll free telephone numbers. 


If you haven’t yet received 
your Programmer’s Connec¬ 
tion Fali 1987 Buyer’s Guide, 
act now. Upgrading your 
programming technoiogy 
couid be one of the wisest 
and most profitabie deci¬ 
sions you’il ever make. 

CALL TOLL FREE 

USA:. 800-336-1166 

Canada: ... 800-225-1166 
Ohio & Aiaska 
(Coliect):. .216-494-3781 
international: 216-494-3781 

Telex:.9102406879 

Easylink:.62806530 

Programmer’s Connection 
7249 Whipple Ave. NW 
North Canton, OH 44720 


Please turn the page for our latest price 
list and ordering information. 




















PrSgrammer's Connection 
Fall '87Buyer's Guide. 
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ai - expert systems List Ours 

\iX-Z\ASS by Programs in Motion . 495 399 

EXSYS Development Software by EXSYS . 395 309 

EXSYS Runtime System. 600 469 

IViElh by Information Builders . New 685 569 

Logic-Line Series AH varieties by Tbunderstone . CALL CALL 

ai - lisp language 

Golden Common US? by Gold Hill . 495 CALL 

Golden Common LISP Developer by Gold Hill . 1190 CALL 

{I'HyaWarious by NIAL Systems . CALL CALL 

Star Sapphire LISP ^o/77/7//er^/5d/7/e/7s. New 495 429 

TransLISP PLUS from Solution Systems . 195 125 

ai - Prolog language 

Arity Combination Package . 1095 979 

Expert System Development Pkg. 295 229 

File Interchange Toolkit. 50 44 

PROLOG Compiler & interpreter. 650 569 

Screen Design Toolkit. 50 44 

SQL Development Package. 295 229 

Arity PROLOG Interpreter. 295 229 

Arity Standard Prolog . 95 77 

LPA microPROLOG 4//. CALL CALL 

MPROLOG Language Primer 50 45 

MPROLOG P500Z»/ZZ7^/Z:iy>l/?£. 495 395 

?SS\\ w/Primer by LOGICWARE . 220 175 

Turbo PROLOG by Borland Inti . 100 64 

Turbo PROLOG Toolbox A/5 oa/s/7<///7//. 100 64 

ai - Smalltalk language 

Smalltalk/V. 100 84 

EGA/VGA Color Option. 50 45 

Goodies Diskette. 50 45 

Smalltalk/Comm. 50 45 

ai - texas instruments 

tXxhamx Decision Tree Software . 595 519 

PC Scheme Z/5/;. New Version 95 84 

Personal Consultant Easy. New Version 495 435 

Personal Consultant Image. 495 435 

Personal Consultant Online . 995 869 

Personal Consultant Plus. New Version 2950 2589 

Personal Consultant Runtime. 95 84 

ada language 

M?NanXa%e GSA-VaHdated by Meridian Software ... 795 735 

AdaVantage Utility Packages. 50 47 

DOS Environment Package . 50 47 

Janus/ADA C Pak by R&R Software . 95 84 

Janus/AD A D Pak by R&R Software . 1250 1059 

Janus/ADA ED Pak 395 349 

apl language 

APL'PLUS PC/>y575C. 695 495 

APL’PLUS PC Spreadsheet Mgr by STSC . 195 139 

APL ‘PLUS PC Tools Vol 1 by STSC . 295 199 

APL'PLUS PC Tools Vol 2 by STSC . 85 58 

APL'PLUS PS/2Ay5r5£. New 695 495 

ATLAS‘GRAPHICS Ay SrSC. 450 329 

Financial/Statistical Library Ay ^TiSZ?. 275 189 

Pocket APL Ay . 95 69 

STATGRAPHICSAy575C. 895 649 

assembly language 

386 ASM/LINK Cross Asm byPharLap . 495 389 

8088 Assembler w/Z-BD Translator by 25DD AD .... 100 89 

I^StAUBFunctionLibrarybyBCSoft . 149 125 

asmJBEE B-Tree Dev System by BCSoft . 395 329 

Cross Assemblers Various by 25DD AD . CALL CALL 

UASM by C Source . 70 59 

Microsoft Macro Assembler. 150 93 

Turbo Debugger Ay 89 79 

Turbo Editasm Ay Speedware . 99 84 

Visible Computer; 8088 Ay Software Masters . 80 64 

basic language 

db/Lih for QuickBASIC by AJS Publishing . 139 119 

VmaWi by Komputerwerk . 99 85 

mZWl by Micro Help . . 69 55 

Microsoft QuickBASIC. 99 63 

tlBase Relational Database by Crescent . 89 79 

Quick-Tools Ay 5Z:So/Z. 130 109 

thacVVaV by Crescent Software . 69 59 

ScientiOc Subroutine Library Ay T’esr/ess. 125 99 

Screen Sculptor Ay Software Bottling . 125 91 

Stay-Res Ay Af/ao//e//7. 69 55 

Tim Ba%\zw/Run-time . Special Price 200 99 

True Basic. 100 79 

Run-time Module. 100 79 

Various Utilities . 50 41 

Turbo BASIC Compiler Ay ^o/ya/rr//or/. 100 64 

blaise products 

ASYNCH MANAGER Specify C or Pascal . 175 135 

C TOOLS PLUS/5.0. New Version 129 99 

Via'l?\vie\ Super Batch Program . New 50 45 

LIGHT TOOLS for Datalight C . 100 65 

PASCAL TOOLS. 125 95 

PASCAL TOOLS 2 . 100 79 

PASCAL TOOLS & TOOLS 2. 175 135 

BUHO?? Text Formatter . 50 45 

TURBO ASYNCH PLUS. 100 79 

TURBO C TOOLS . 129 99 

TURBO POWER TOOLS PLUS. 100 79 

VIEW MANAGER Specify C or Pascal . 275 199 

borland products 

EUREKA Equation Solver . 167 105 

Reflex: The Analyst. 150 99 

Sidekick. 85 57 

Superkey. 100 64 

Turbo Basic Compiler. 100 64 

Turbo Basic Database Toolbox. 100 64 

Turbo Basic Editor Toolbox . 100 64 

Turbo Basic Telecom Toolbox. 100 64 

Turbo C Compiler (Call for support products) . 100 64 


Turbo Lightning and Word Wizard. 

Turbo Lightning. 

Turbo Lightning Word Wizard. 

Turbo Pascal and Tutor. New Version 

Turbo Pascal. New Version 

Turbo Pascal Tutor. New Version 

Turbo Pascal Database Toolbox. New Version 

Turbo Pascal Editor Toolbox. New Version 

Turbo Pascal Gameworks Toolbox .... New Version 

Turbo Pascal Graphix Toolbox. New Version 

Turbo Pascal Numerical Methods Toolbox ... .New 

Turbo Prolog Compiler. 

Turbo Prolog Toolbox. 

c compilers 

C86PLUS Ay Computer Innovations . 

OeSmet C w/Debugger & Large case . 

DeSmet C w/Debugger only . 

Eco-C Complete System by Ecosoft . 

Instant C by Rational Systems . 

Instant-C/16M by Rational Systems . New 

Lattice C Compiler vers. 3.2 from Lattice . 

Mark Williams Let's C w/csd. 

Microsoft C Compiler w/CodeView ... New Version 

Microsoft QuickC Compiler. New 

Optimum-C Ay Datalight . 

Turbo C Compiler by Borland . 

Uniware 68000/10/20 Cross Compiler bySDS .... 

c interpreters 

C-terp Ay GimpeL Specify compiler . 

C Trainer with Book by Catalytix . 

Introducing C by Computer Innovations . 

Bm/Z by Age of Reason . 

Run/C Professional by Age of Reason . 

c Utilities 

Blackstar C Library by Sterling Castle . New 

C++ Ay Guidelines w/version 1.1 kernel . 

c-tree & r-tree Combo Ay FairCom . 

c-tree ISAM File Manager . 

x-Xxee Report Generator . 

Csharp Realtime Toolkit by Systems Guild . 

Curses Window Dev Pkg by Aspen Scientific .. New 

with Source Code . 

dBx dBASE to C Translator by Desktop A! . 

with Source Code . 

Flash-up Windows Ay Software Bottling . 

Graphic Color version by SciEndeavors . 

GBkfUB by Sutrasoft . 

HALO Graphics by Media Cybernetics . 

HALO Development Pkg for Microsoft . 

The HAMMER Ay DES Systems . 

PANEL Forms Management by Roundhill . 

PANEL/TC for Turbo C by Roundhill . 

PANEL Plus by Roundhill . 

PC U\A by Gimpe! Software . 

BIBIB? by Sutrasoft . 

RTC PLUS Fortran to C by Cobalt Blue . 

Sapiens MB Virtual Memory Manager . New 

Scientific Subroutine Library Ay Peerless . 

TE Text Editor source by Sub Systems . 

Vitamin C Ay Creative Programming . 

VC Screen Forms Designer . 

Zview by Data Mgmt Consultants . 

cobol language 

COBOLspll byFlexus . 

FPLIB forRealia CDBDL byBCSoft . 

Micro Focus COBOL See Micro Focus Section 
Microsoft COBOL See Microsoft Section 

PCDT Ay Pro-Code . 

Realia COBOL with RealMENU. 

Realia COBOL. 

RealCICS. 

RM/COBOL by Ryan-McFarland . 

BfH/ZOBOlBS by Ryan-McFarland . 

BM/HET-vS by Ryan-McFarland . New 

RM/Screens. New 

SZBEEWO by Norcom . 

screenplay for CDBDL by Flexus . 

CSS products 

Combo Package Ay Custom Software Systems . 

?Z/S?m Spelling Checker . 

PC/TOOLS UNIX-like Utilities . 

PC/VI Vi Editor . 

debuggers Si profilers 

386 BIBGG Cross Debugger by Phar Lap . 

Advanced Trace-86 by Morgan Computing . 

Codesmith-86 Ay Visual Age . 

DSD87 by Soft Advances . 

MiniProbe Ay4/A0/7. 

Periscope I with Board by Periscope . 

Periscope II with NM! Breakout Switch . 

Periscope ll-X Software only . 

Periscope III £ MHz version . 

Periscope III 10 MHz version . 

The PROFILER with Source Code by DWB . 

TURBOsmith Source debugger for Turbo Pascal . 

The WATCHER Profiler by Stony Brook . 

disk utilities 

Bat}x-\X by Gazelle Systems . New Version 

Disk Optimizer Ay Softlogic Systems . 

Disk Technician Ay/’//me 5o/wr/A/7s. New 

FASTBACK Ay 5th Generation Systems . 

Vcache Ay Golden Bow Systems . 

Vopt Ay Golden Bow Systems . 

Vfeature Ay Golden Bow Systems . 

Vfeature Deluxe Ay Golden Bow Systems . 

XannZnp^-BZ by XenoSoft . 

dos utilities 

Advanced Norton Utilities. 

Command Plus by ESP Software . 
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100 
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70 
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70 

41 
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159 
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90 
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175 
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205 
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195 

129 
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99 

175 
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300 

265 

175 
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95 

85 

225 

149 

100 

79 
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139 
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329 

149 

129 

995 
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1145 

899 
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995 

783 

950 

639 

1250 

895 

300 

259 

395 
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400 

379 

175 

129 
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175 

49 

45 

49 

45 
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99 
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129 

175 
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145 

98 
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369 

345 
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175 

139 
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995 

795 
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875 
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89 

99 

89 

60 

51 

130 
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55 

100 

89 

179 
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50 

47 

50 
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80 

74 

120 
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80 

69 

150 

99 

80 
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Desqview from Quarterdeck . 

FANSI-CONSOLE by Hersey Micro . 

Mace Utilities Paul Mace Software . New 

MicroHelp Utility by MicroHelp . 

Norton Commander Ay/’e/e/’^o/To//. 

Norton Utilities Ay/’e/e/A/o/Zo//. 

OPAL Shell Language by Software Factory .... 

Q-DOS II Ay Gazelle Systems . 

Taskview by Sunny Hill Software . 

essential products 

C Utility Library. 

Essential Comm Library with Debugger . 250 

Essential Comm Library Software Dniy . 185 

Breakout Debugger Only Any language 
Essential Graphics. 250 

forth language 

CFORTH Native Code Compiler by LM! . 300 

FORTH/83 Metacompiler Specify Target . 750 

PC/FORTH Ay Laboratory Microsystems . 150 

PC/FORTH+ Ay Laboratory Microsystems . 250 

Programmer's Package #1 Ay LM! . New 

Programmer's Package #2 Ay LM! . New 

Programmer's Package #3 Ay LM! . New 

UR/FORTH Also Available for DS/2 by UVH . 350 

UR/FORTH Libraries. 

fortran language 

50 MORE: FORTRAN Ay Peerless Scientific . 125 

A,ZSTmeSet\a%by Alpha Computer Service . 495 

AUTOMATED BBQGBMAIAIB by KGK Automated 
Essential Graphics by Essential Software 
Forlib-Plus by Alpha Computer Service .. 

fOBn\B by Sutrasoft . 125 

FORTRAN Addendum by Impulse Engr .. 

FORTRAN Addenda Ay Impulse Engr . 165 

GRAFLIBAy5<///aso//. 175 

HALO Graphics by Media Cybernetics ... 

I/O PRO w/No Limit Library byMEF . 250 

Microcompatibles Combo Package. 

Grafmatic. 

Plotmatic. 

Microsoft FORTRAN w/CodeView . 

No Limit Library Ay MEF Environmental.. 

Numerical Analyst Ay MAGUS . 295 

PAN EL Ay Roundhill Computer Systems . 295 

PL0THPAy5////ase/if. 

RM/FORTRAN Ay Ryan-McFarland . 

RTC PLUS Fortran to C by Cobalt Blue . 450 

Scientific Subroutine Lib Ay Peerless ... 

Statistician Ay Alpha Computer Service . 295 

STATLIB.GL:Ay/’ee//ess. 295 

STATLIB.TSF: Ay Peeriess . 295 

Strings 8i Things by Alpha Computer Service .... 

greenleaf products 

Greenleaf C Sampler for Turbo C & QuickC .... 

Greenleaf Comm Library . 185 

Greenleaf Data Windows Library. 225 

with Source Code . 

Greenleaf Functions. 

help utilities 

HELP/ControlAy4f/75. 125 

On-line Help from Dpt-Tech . 149 

SoftScreen/HELP AyZ7/a/ac//cSys/e/as. 195 

lattice products 

Lattice C Compiler ver 3.2 from Lattice . 500 

with Library Source Code . 900 

C Cross Reference Generator. 

with Source Code . 

C-Food Smorgasbord Function Library . 150 

with Source Code . 

C-Sprite Source Level Debugger . Special Dffer 

Zuxses Screen Manager . 125 

with Source Code . 

dBCIII . 

with Source Code . 

dBC III Plus. 

with Source Code . 1500 

im Make Facility . 195 

RPG II Combo AH three items below . 1100 

RPG II Compiler No Royalties . 750 

SEU Source Entry Utility . 250 

Sort/Merge. 250 

Screen Design Aid Utility for RPG 11 . 350 

SecretOisk II Encryption Utility . New 

SideTalk Resident Communications . 

SSP/PC Scientific Subroutine Library . 350 

Text Management Utilities. 120 

metagraphics products 

LightWINDOW/C/o/Z/a/aA^A//:. 

FontWINDOW. 

FontWINDOW/PLUS. 

MetaWINDOW No Royalties . 195 

MetaWINDOW/PLUS. 

TurboWINDOW/C for Turbo C . 

TurboWINDOW/Pascal for Turbo Pascal 

micro focus products 

Micro Focus COBOL/2. 

Micro Focus Level II COBOL w/Animator. 

Level II COBOL. 

Level II Animator. 

Micro Focus Level II COBOL/ET for UNIX 


Micro Focus Personal COBOL. 

Micro Focus Professional COBOL .. 
Micro Focus VS COBOL/XENIX ... 
Micro Focus Support Products: 
COBOL/IQ Ad hoc Report Writer . 
COBOL/IQ for DDS 3.X Networks. 

FORMS-2. 

SOURCEWRITER. 
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199 


250 

199 


350 

309 

New 

120 

88 


120 

88 


350 

269 

.... 120 

ucts 

88 


95 

79 


95 

79 


275 

229 


195 

159 


275 

229 


95 

79 


95 

79 


900 729 



495 

395 


349 

279 


195 

155 


CALL 

CALL 

New 

1495 

1189 

New 

1595 

1269 


149 

119 


2000 

1595 


1495 

1195 


495 

395 


995 

795 


295 

235 


995 

795 
































































































































































































































































































microport products 


386 Unlimited License Kit. 249 209 

AT Unlimited License Kit. 249 209 

D0SMerge286 Run DOS and UNIX together . 149 129 

D0SMerge386 Run DOS and UNIX together . CALL CALL 

System V/386 Combination. 799 699 

386 Runtime System. 199 169 

386 Software Development System. 499 429 

Text Preparation System. 199 169 

System V/AT Combination. 549 465 

AT Runtime System. 199 169 

AT Software Development System. 249 209 

Text Preparation System. 199 169 

microsoft products 

Microsoft BASIC Compiler for XENIX . 695 419 

Microsoft BASIC Interpreter /o/’JK'f/WA' . 350 209 

Microsoft C Compiler New Version 450 269 

Microsoft COBOL Compiler w/fA Too/s. 700 429 

for XENIX . 995 609 

Microsoft FORTRAN Optimizing Compiler/CodeView 450 269 

Microsoft FORTRAN for XENIX . 695 419 

Microsoft Learning DOS . 50 36 

Microsoft MACH 10 with Mouse & Windows . 549 369 

Microsoft MACH 10 5oart/o/?//. 399 279 

Microsoft Macro Assembler. New Version 150 93 

Microsoft Mouse. CALL CALL 

Microsoft Mouse Bus Version . CALL CALL 

Microsoft Mouse Serial Version . CALL CALL 

Microsoft Pascal Compiler. 300 179 

for XENIX . 695 419 

Microsoft QuickBASIC. 99 63 

Microsoft QuickC. New 99 63 

Microsoft Windows. 99 63 

Microsoft Windows Development Kit. 500 299 

Microsoft Word. New Version 450 269 

mks products 

MKSAWK. New 75 65 

fAVS'BZS Revision Control System . New 189 155 

MKS Toolkit with MKS VI Editor . 139 109 

MKS Trilogy with A WK. CRYPT & Korn Shed ...New 119 99 

MKS VI Editor hyMKS . New 75 65 

modula-S language 

LOGITECH Modula-2 Development System_ New 249 199 

Modula-2 Compiler Pack. New 99 79 

Modula-2 Toolkit. New 169 139 

LOGITECH Modula-2 ROM Pkg. 299 239 

LOGITECH Modula-2 Window Pkg. 49 39 

nacTol Macro preprocessor by PMI . 89 79 

ModBase by PMI . 89 79 

ModGraph by TEONA . New 50 45 

Repertoire by PM! . 89 75 

Science & Engrg Tools by Quinn-Curtis . 75 67 

Universal Graphics Library by Quinn-Curtis . 130 119 

mouse products 

LOGIMOUSE BUS with PLUS Pkg by LOGITECH .... 119 98 

with PLUS & PC Paintbrush . 149 119 

with PLUS & CAD Software . 189 153 

with PLUS & CAD & Paint . 219 179 

with First Publisher . New CALL CALL 

LOGIMOUSE C7 with PLUS Pkg, Specify Connector... 119 98 

with PLUS & PC Paintbrush . 149 119 

with PLUS & CAD Software . 189 153 

with PLUS & CAD & Paint . 219 179 

with First Publisher . New CALL CALL 

Microsoft Mouse See Microsoft Section 

Other languages 

MfXBB by Whitewater Group . New Version 495 419 

ZZZmmB Single-User by MGIobal . 60 50 

ZZBfAWlhBB Single-User Multi-Tasking . 150 129 

CCS MUMPS Afy/rz-Z/se/-. 450 359 

Marshal Pascal by Marshal Language Systems . 189 165 

Pascal-2 by Oregon Software . 395 325 

?axsana\BBYX by Mansfield Software . 125 99 

SN0B0L4->- by Catspaw . 95 80 

Other products 

Carbon Copy Plus by Meridian Technology . 195 159 

Ban Bx\ck\\n‘sBamo?%m by Software Garden . 75 57 

Oan Bricklin's Demo Tutorial. 50 45 

Barnard by Mark Williams . 70 59 

Instant Replay by Nostradamus . 150 CALL 

fAkxnXlX Typesetting from Addison-Wesley . 295 CALL 

Printer Drivers. New CALL CALL 

Net-Tools A/. 149 129 

Norton Guides Specify Language . New 100 75 

OPT-Tech Sort by Opt-Tech Data Proc . 149 99 

PC/TOOLS by Custom Software . 49 45 

Screen Machine Af/ao/Ze//?. 79 59 

SuperSort by LifeStyle . New 139 119 

phoenix products 

PasxnBB Macro Assembler version 2.0 . 195 108 

Pdisk Hard Disk & Backup Utility . 145 99 

Pfantasy Pac Phoenix Combo . 995 595 

?X\xi\%\x Execution Profiler . 395 209 

Symbolic Debugger . 395 209 

PforCe Specify C Compiler . 395 209 

PforCe++ Specify C Compiler and Zr++. 395 209 

'Plink86plus Overlay Linker . 495 275 

PrnaVax Make Utility . 125 78 

Pmate Macro Text Editor . 195 108 

?xa-Z Lint Utility . 295 154 

Ptel Binary File Transfer Program . 195 108 

polytron products 

PxAyBxiosX Software Accelerator . Special Price 80 54 

PolyDesk ill. 99 72 

PolyDesk III Archivist . 50 42 

PolyDesk III Cryptographer. 50 42 

PolyDesk III Talk. 70 52 

?aVtUhxax\an Library Manager . 99 89 


PolyLibrarian II Library Manager . 149 129 

PolyMake UNIX-like Make Facility . 149 129 

PolyShell. Special Price 149 105 

Polytron C Beautifier. 50 45 

PxAyyLBU-Complete Cross Ref Utility . 219 185 

PolyXREF One language only . 129 109 

?^tBZx}x^oxa\e Version Control System . 395 329 

PVCS Personal. 149 129 

program mgmt utilities 

Interactive EASYFLOW by Haventree .. New Version 150 125 

PrintQ by Software Directions . 89 84 

Quilt Computing Combo Package. 250 199 

QMake Program Rebuild Utility . 99 79 

SBIAB Software Revision Mgmt System . 185 159 

Sapiens MAKE & V8. New 439 379 

Sapiens MAKE. New 179 155 

Bxinxx:e?x\n\by Aldebaran Labs . 97 75 

TLIB Version Control System by Burton . 100 89 

Ixee B'la^xaxnxnex by Aldebaran Labs . 77 67 

raima products 

dhBBm Single-User Query Utility . 195 129 

Single-User with Source Code . 495 389 

Multi-User . 495 389 

Multi-User with Source Code . 990 699 

dbVISTA Single-User DBMS . 195 129 

Single-User with Source Code . 495 389 

Multi-User . 495 389 

Multi-User with Source Code . 990 699 

SCO products 

Complete XENIX System ^1 by SCO . 1295 994 

Development System. 595 499 

Operating System 5“/7ec/yy AT 0 /->4r. 595 499 

Text Processing Package. 195 144 

lyxnbySCO . 595 449 

SCO Professional 1-2-3 Workalike for XENIX . 795 595 

SCO XENIX-NET. 595 495 

XENIX System MZBBbySCO . New CALL CALL 

softcraft products 

Btrieve ISAM Mgr with No Royalties . 245 184 

Xtrieve Query Utility . 245 184 

Report Option/or/YZA/eve. 145 99 

Btrieve/N for Networks . 595 454 

Xtrieve/N. 595 454 

Report Option/N for Xtrieve/N . 345 269 

text editors 

Brief & dBrief Combo from Solution Systems . 275 CALL 

Brief. 195 CALL 

dBrief Customizes Brief for dBASE III . 95 CALL 

de by David Livshin . New 75 65 

Epsilon Emacs-like editor by Lugaru . 195 147 

KEBfT by Mansfield Software . 125 98 

Mkxo/SPf by PHASER SYSTEMS . 175 139 

Microsoft Word. New Version 450 269 

PC/VI by Custom Software Systems . 149 99 

SPF/PC by Command Technology Corp . CALL CALL 

Vedit Plus by CompuView . 185 128 

turbo pascal utilities 

kUZP. Interpreter by Software Channels . 95 66 

DOS/BIOS 8i Mouse Tools by Quinn Curtis . 75 67 

Flash-up Windows Ay 5o/fwaro 5o///%. 90 78 

MACH 2 for Turbo Pascal by Micro Help . 69 55 

MetraByte D/A Tools by Quinn-Curtis . 100 89 

Science 8t Engrg Tools by Quinn-Curtis . 75 67 

Screen Sculptor by Software Bottling . 125 91 

S^eed Scxem by Software Bottling . 35 32 

System Builder by Royal American .... New Version 150 129 

mPlX Query Utility . 100 89 

Report Builder. New Version 130 115 

TBeBo^PlBB by TurboPower Software . 60 49 

Tmark by Tangent Designs . 80 69 

Turbo EXTENDER by TurboPower Software . 85 64 

Turbo OPTIMIZER by TurboPower . 75 65 

with Source Code . 125 98 

Turbo Professional Ay 5<//7/7y///7/. 70 45 

TurboHALO from IMSI . 129 98 

TurboPower Utilities Ay rr/rAo/’awa/'. 95 78 

JuxbxiBei by Gracon Services . 50 35 

JUBBOsxxiith Source Debugger by Visual Age . 99 89 

Universal Graphics Library Ay Quinn-Curtis . 130 119 

wendin products 

Operating System Toolbox. 99 79 

PCNX Qperating system . 99 79 

PZmS Similar to VAX/VMS . 99 79 

'Hex^dAXi-BBB Multitasking DQS . 99 85 

Wendin-DOS Application Developer's Kit. New 99 85 

XTC Text Editor w/Pascal source . 99 75 

xenix/unix products 

Btrieve ISAM File Mgr by SoftCraft . 595 454 

C-terp Ay Gimpel. Specify compiler . 498 379 

x:-\xee ISAM Mgr by FairCom . 395 315 

dBx with Library Source by Desktop A! . 550 419 . 

DIRECTORY SHELL 286 

by American Mgmt Sys . New 349 295 

DIRECTORY SHELL 386 

by American Mgmt Sys . New 495 415 

DOSIX Console Version by Data Basics . 400 349 

BBSiK User Version by Data Basics . 200 179 

Micro Focus Products See Micro Focus Section 
Microport Products See Microport Section 

Microsoft Products See Microsoft Section 

PANEL Plus Ay Roundhill Computer Systems . 795 535 

REAL-TOOLS Binary Version by PCT . 99 89 

Library Source Version . 599 539 

Complete Source Version . 999 729 

BfA/ZBBBl by Ryan-McFarland . 1250 949 

RM/FORTRAN Ay ^ya/7-Afcfs//a/7i/. 750 549 

SCO Products See SCO Section 
Terms are subject to change. 

©1987 Programmers Connection, Inc. 
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LOWEST PRICES 

Due to printing lead times, some of our current 
prices may differ from those shown here. Call for 
latest pricing. 

FREE SHIPPING 

Orders within the USA (including Alaska & Hawaii) 
are shipped FREE via UPS. Express shipping is 
available at the shipping carrier's standard rate 
with no rush fees or handling charges. To avoid 
delays when ordering by mail, please call first to 
determine the exact cost of express shipping. 

VISA and MasterCard are accepted at no extra 
cost. Your card is charged when your order is 
shipped. Mail orders please include credit card 
expiration date and authorized signature. 

CODs AND POs 

CODs and Purchase Orders are accepted at no 
extra cost. No personal checks are accepted on 
COD orders. POs with net 30-day terms (with initial 
minimum order of $ 100) are available to qualified 
US accounts only. 

SALES TAX 

Orders outside of Ohio are not charged state sales 
tax. Ohio customers please add 6% Ohio tax or 
provide proof of tax-exemption. 

INTERNATIONAL ORDERS 
Shipping charges for International and Canadian 
orders are based on the shipping carrier's standard 
rate. Since rates vary between carriers, please call 
or write for the exact cost. International orders 
(except Canada), please include an additional $ 10 
for export preparation. All payments must be made 
with US funds drawn on a US bank. Please include 
your telephone number when ordering by mail. Due 
to government regulations, we cannot ship to all 
countries. 

VOLUME ORDERS 

Volume orders may qualify for additional discounts. 
Call us for special pricing. 

SOUND ADVICE 

Our knowledgeable technical staff can answer 
technical questions, assist in comparing products 
and send you detailed product information tailored 
to your needs. 

30-DAY GUARANTEE 

Most of our products (excluding books) come with 
a 30-day documentation evaluation period or a 
30-day return guarantee. Please note that some 
manufacturers restrict us from offering guarantees 
on their products. Call for more information. 

MAIL ORDERS 

Please include your telephone number on all mail 
orders. Be sure to specify computer, operating 
system and any applicable compiler or hardware 
interface(s). Send mail orders to: 

Programmer’s Connection 
7479 Whipple Ave. NW 
North Canton, OH 44720 


USA . 800-336-1166 

CANADA 800-225-1166 

OHIO & ALASKA (Collect) 216-494-3781 

TELEX. 9102406879 

EASYLINK . 62806530 

INTERNATIONAL . 216-494-3781 

CUSTOMER SERVICE 216-494-8899 


INTERNATIONAL . 216-494-3781 

CUSTOMER SERVICE 216-494-8899 

Hours: Weekdays 8:30 AM to 8:00 PM EST. 

































































































































































































TEK ADVANCED PC GRAPHICS 


FAST PC THROUGHPUT. 
MAINFRAME APPLICATIONS 
TEK STRIKES THE PERFECT 
RALANCE OF POWER! 


PC Graphics 
Coprocessor Board 


■ EGA & CGA Compatible \ 

■ 640x480 Resolution 

■ Colors From j 
Palette o( 16.7 MHHon 





















current at minimal cost. All 
from a company you know 
will be there to support you 
tomorrow. 

For more information, con¬ 
tact your local Tek represen¬ 
tative. Or 


Now there’s a PC solution 
that gives equal weight to 
both local and mainframe 
graphics. 

Combine Tek’s PC4100 
graphics coprocessor board 
with Tek terminal emulation 
software, and you get the best 
of two worlds: 

First, ultra-fast local 
throughput designed around 
the Tl 32-bit TMS 34010 graph¬ 
ics coprocessor. Enjoy local 
extras like true zoom and pan 
and a palette of 16.7 million 
colors. Achieve speeds up to 
twice as fast as anything 


comparable. Emulate both 
EGA and CGA. 

And second, you have 
access to thousands of Tek 
PLOT 10® mainframe-based 
applications through Tek 4105 
or 4107 terminal emulation. 

Add our multiple rate monitor 
for graphics clarity and reso¬ 
lution in the Tektronix tradi¬ 
tion. And plug in our 4696 
Coior Printer for superb paper 
and transparency copies. 

Last but not least, only Tek 
Advanced PC Graphics is 
designed for softloadable 

I innrarlciQ that ran Lfom \/m i 


Screen image by VersaCAD. courtesy of Versacad Corporation. 
AutoCAD is a product of Autodesk. Inc. Lotus" is a trademark 
of Lotus Development Corporation. SAS Graph" is a trademark 
of SAS Institute. Inc. Anvil-5000 is a trademark of MCS. Inc. 
CA-Disspla " is a trademark of Computer Associates. Inc. 
Copyright c 1987. Tektronix. Inc. All rights reserved. APT-102 


l^tronix 
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helps save time, money and cut frustrations. Compare, evaluate, and find products. 


RECENT DISCOVERY 


“FREE” Software 



OS/286 & 386 - Access 16M RAM 
in 286, 386 native mode. DOS 
interface, access. Use existing 
compilers or 32-bit FORTRAN, C, 
PASCAL. PC $ 495 


Al-Expert System Dev’t 


Arity Combination Package PC 

System - use with C MS 

Auto-Intelligence PC 

CxPERT - shell for C MS 

Experteach - Powerful, samples PC 
Exsys PC 

Level 5 MS 

Intelligence/Compiler PC 

T.I.: PC Easy PC 

Personal Consultant Plus PC 

Turbo Expert-Startup (400 rules) PC 

Corporate (4000 rules) PC 


PC Scheme LISP - by TI PC $ 85 
Star Sapphire MS $ 459 

TransLISP - learn fast MS $ 79 

TransLISP PLUS MS $ 149 

Others: IQ LISP ($239), IQC LISP ($269) 


Al-Prolog 


APT - Active Prolog Tutor - build 


applications interactively PC $ 49 
ARITY Prolog-full, 4 Meg 
Interpreter - debug, C, ASM PC $ 229 
COMPILER/Interpreter-EXE PC $ 569 
MicroProlog Prof. Comp./Interp. MS $ 439 
Prolog-86 - Learn Fast MS $ 89 

Prolog-86 Plus - Develop MS $ 199 
TURBO PROLOG by Borland PC $ 69 


BAS_C - economy MS 

BAS_PAS - economy MS 

Basic Development System PC 

Basic Development Tools PC 

Basic Windows by Syscom PC 

BetterBASIC PC 

Exim Toolkit - full PC 

Finally - by Komputerwerks PC 

Inside Track PC 

Mach 2 by MicroHelp PC 

QBase - screens MS 

QuickBASIC PC 

Quick Pak-by Crescent Software PC 

Quick-Tools by BC Associates PC 

Stay-Res PC 

True Basic PC 

Turbo BASIC - by Borland PC 

Turbo BASIC Database Toolbox MS 


FEATURES 


XENIX 386 Toolkit by Santa Cruz. 

Tools & OS kernel support 4 Gigabyte 
address space, demand paging, virtual 
memory paging. Includes MS C, MASM, 
debugger, file utilities, more. PC $ 379 

HUMMINGBOARD 386-Develop 2.6 or 
7.9 times faster than a 8 MHZ AT, 

AT or XT addin board uses dual 
processors for Speed and Hardware 
Debugging. 16 MHZ or 20 MHZ. Call 
about Benchmarks, Trial Program. 

CIRCLE NO. 162 ON READER SERVICE CARD 


Instant Programmer’s Help for MSDOS de¬ 
velopers by Second City Software. Memory-resi¬ 
dent (TSR) utility lets you access valuable prog¬ 
rammer’s reference material from within any pro¬ 
gram. OS services, BIOS calls, ASCII codes, 
line and box drawing characters, video modes, 
keyboard scan codes, interrupts, 8088 assembly 
language, memory maps, FCB. 

Normally $79. With any order over $250 by 
11/30/87 get Instant Programmer’s Help (with 
2-month life span) FREE. 

Our Services: 


RECENT DISCOVERY 


ACTOR by Whitewater Group - Graphic, 
object-oriented language for proto¬ 
typing, interactive programs and MS 
Windows applications. Fast feedback, 
integrated editor, debugger. Call 
to multiple languages. PC $419 


• Programmer’s Referral List 

• Compare Products 

• Help find a Publisher 

• Evaluation Literature FREE 
•BBS-7 PM to 7 AM 617-740-2611 


• Dealers Inquire 

• Newsletter 

• Rush Order 

• Over 700 products 
National Accounts Center 


C Language-Compilers 


AZTEC C86 - Commercial PC 

C86 PLUS - by Cl MS 

Datalight C - fast compile, good code, 
4 models. Lattice compatible. Lib 
source. Dev’rs Kit PC 

Datalight Optimum - C MS 

with Light Tools by Blaise PC 

Lattice C - from Lattice MS 

Let’s C Combo Pack PC 

Microsoft C 5.0- Codeview MS 

Microsoft Quick C MS 

Rex - C/86 standalone ROM MS 

Turbo C by Borland PC 


C Libraries-Files 


C Index by Trio/PLUS MS $319 

BTree by Soft Focus MS $ 69 

CBTREE-Source, no royalties MS $ 99 
CTree by Faircom - no royalties MS $315 
rtree - report generation PC $239 

dB2C Toolkit V2.0 MS $249 

dbQUERY-ad hoc, SQL-based MS Call 

dbVISTA - pointers, network. 

Object only - MSC, LAT, C86 Call 

Source - Single user MS Call 

dBx - translator to library MS $299 


C-Screens, Windows, Graphics 


C Worthy Interface Lib. PC 

Curses by Aspen Scientific PC 

dBASE Graphics for C PC 

ESSENTIAL GRAPHICS - fast PC 
Font W IN DO W/PLUS PC 

Graphic - new color version PC 

Greenleaf Data Windows PC 

w/source PC 

Light WINDOWS/C-DatalightC PC 
TurboWINDOW/C - for Turbo C PC 
Windows for C - fast PC 

Windows for Data - validation PC 
Vitamin C - screen I/O PC 

View Manager - by Blaise PC 
ZView - screen generator MS 


Atari ST & Amiga 


We carry full lines of Manx & Lattice. 

Call for a catalog, literature and solid value 

800 - 421-8006 


THE PKOGltilNNEK’S SHOP '' 

Your complete source for software, services and answers 


5-PPond Park Road, Hingham, MA 02043 
Mass: 800-442-8070 or 617-740-2510 g/gj 


DBASE Language 


Clipper compiler 
dBASE II 
dBase III Plus 
dBASE III LANPack 


PC $399 
MS $329 
PC $429 
PC $649 


DBXL Interpreter by Word Tech PC $139 
FoxBASE+ - single user MS $349 

Quicksilver by Word Tech PC $439 


DBASE Support 


dAnalyst PC $ 89 

dBase Tools for C PC $ 65 

dBrief with Brief PC Call 

dBC ISAM by Lattice MS $169 

Documentor - dFlow superset MS $229 
Genifer by Bytel-code generator MS $279 
QuickCode III Plus MS $239 

R&R Report Generator MS $139 

Seek-It - Query-by-example PC $ 79 
Silver Comm Library MS $139 

Tom Rettig’s Library PC $ 79 

UI Programmer - user interfaces PC $249 


Fortran & Supporting 


50:More FORTRAN PC $ 95 

ACS Time Series MS $465 

I/O Pro - screen development PC $129 

MS Fortran - 4.0, full ’77 MS $279 

No Limit - Fortran Scientific PC $109 

PC-Fortran Tools - xref, pprint PC $165 
RM/Fortran MS Call 

Scientific Subroutines - Matrix MS $129 


Multilanguage Support 


BTRIEVE ISAM MS $185 

BTRIEVE/N-multiuser MS $455 

GSS Graphics Dev’t Toolkit PC $375 
HALO Development Package MS $389 
Graphics PS $205 

Hoops Graphics Library PC $549 

Informix 4GL-application builder PC $789 
Informix SQL - ANSI standard PC $639 
NET-TOOLS - NET-BIOS PC $129 
Opt Tech Sort - sort, merge MS $ 99 
PANEL MS $215 

Panel Plus MS $395 

Pfinish - by Phoenix MS $229 

Polyboost - speed I/O, keyboard PC Call 
Prime Factor FFT - 8087/287 PC $145 
PVCS Corporate or Personal MS Call 
QMake by Quilt Co. MS $ 79 

Report Option - for Xtrieve MS $109 
Screen Sculptor PC $ 89 

SSP/PC - 145+ math routines PC $269 
Synergy - create user interfaces MS $375 
Xtrieve - organize database MS $199 
ZAP Communications - VT 100 PC $ 89 


FEATURE 


HI-SCREEN XL - unlimited overlapping 
windows, pulldown, popup, Lotus 
menus, on-line help support. Field 
checking, scrolling. Screen capture, 
more. Multi-language support. PC $129 
Note: All prices subject to change without notice. Mention this ad. Some prices 
are specials. Ask about COD and POs. Formats: 3" laptop now available, plus 
200 others. UPS surface shipping add $3/item. 
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Determining CPU 

This assembly language procedure works ir 
_ can be incoiporated into either a DOS or c 

[Type 

i protected mode and 
in OS/2 program. 


'W'^Tith the advent of OS/2, a protected-mode operating 
system, it is useful to have a function to determine 
T T CPU type, regardless of CPU operating mode. Previ¬ 
ously published procedures of this kind (see “Updating Eval¬ 
uation the Suite,” Ted Forgeron, Paul Pierce, and Steven 
Armbrust, March 1987, p. 71) work only in real mode be¬ 
cause they write to the code segment. The function listed 
here, eputype, can be called by DOS and OS/2 programs in 
either real or protected mode. It returns a value of 86, 186, 
286, or 386 in real mode, and -286 or -386 in protected 
mode. For brevity, the test to distinguish between the 8086 
and 8088 classes of chip is not included (see “Chips in Tran¬ 
sition,” Bob Smith, April 1986, p. 56). 

The first test is a PUSH SP instruction to differentiate 
between 8086/80186 and 80286/80386 CPUs. If the value on 
the stack is the same as the SP value after the push, then the 
CPU is either an 8086 or an 80186. These chips are distin¬ 
guished by their response to a shift instruction. For a 32-bit 
shift count, the 8086 will shift 32 bits, clearing the shifted 
register, whereas the 80186 will not shift at all, leaving the 
value in the register unchanged. 

The next test determines whether the CPU is using 16- 
or 32-bit operands. This is done by pushing the flags, then 
testing the change in the SP register to determine whether 
two or four bytes were pushed. In the latter case, the CPU is 


USTINGl: CPUTYPE.ASM 

; Function eputypeO, for real OR protected mode. Returns (in AX) 
; the value 86, 186, 286 or 386; negative if protected mode. 


.286P ;enable protected-mode instr. 

text segment byte public 'code* ;use Microsoft C names 



assume 

cs:_text 



public 

_cputype 


_cputype 

proc 

far 



push 

bp 



push 

sp 

•86/186 will push SP-2, 


pop 

ax 

•286/386 will push SP 


emp 

ax,sp 



jz 

not86 

if equal, SP was pushed 


mov 

ax,186 

is it 86 or 186? 


mov 

cl,32 

186 uses count mod 32 = 0; 


shl 

ax,cl 

86 shifts 32 so ax = 0 


jnz 

exit 

non-zero: no shift, so 186 


mov 

ax, 86 

zero: shifted out all bits 


jmp 

exit 


not86: 

pushf 


Test 16 or 32 operand size: 


mov 

ax,sp 

pushed 2 or 4 bytes of flags? 


popf 


restore SP 


inc 

ax 

restore AX by 2 bytes 


an 80386 executing in a 32-bit segment. To load a two-byte 
immediate value into AX, the MOV instruction must be pre¬ 
ceded by a operand-length override prefix. MASM version 4 
has no mnemonic for this, so it is generated with a DB in¬ 
struction at the label is32bit. 

The distinction between an 80386 that uses 16-bit oper¬ 
ands and an 80286 is made by storing the global descriptor 
table register (GDTR) to a six-b)i;e field in memor}^ The 
80286 stores a -1 to the last b>l;e of this field, whereas a 
80386 stores either a 0 or a 1. The space for holding the 
GDTR value is allocated on the stack (by subtracting from 
SP), because in protected mode that is the only one of the 
four segments guaranteed to be writable. 

The CPU operating mode (real or protected) is indi¬ 
cated by the low-order bit of the machine status word 
(MSW). At label testprot, the MSW is loaded into a register, 
the mode bit is shifted into the carr)^ flag, and, if that sets 
CF, the returned value is negated to indicate that the CPU is 
in protected mode. 

The function follows Microsoft mixed-language naming 
conventions; because it has no parameters, it needs no dec¬ 
larations to specify the calling sequence. If called from a C 
program, it must be declared far. I MiMHimi m 


Bob Fells is software projed manager for Quadram Corporation. 



inc 

ax 



emp 

ax,sp 

; did pushf change SP by 2? 


jnz 

i s32bi t 

; if not, then 4 bytes of flags 

is16bit: 

sub 

sp,6 

;Is it 286 or 386 in 16-bit mode? 


mov 

bp,sp 

/allocate stack space for GOT ptr 


sgdt 

qword ptr [bp] 

;(use PWORD PTR for MASM5) 


add 

sp,4 

/discard 2 words of GOT pointer 


pop 

ax 

/get third word 


inc 

ah 

;286 stores -1, 386 0 or 1 


jnz 

is386 


is286: 

mov 

ax,286 

/set return value 


jmp 

testprot 


is32bit: 

db 

66H 

;16-bit override in 32-bit mode 

is386: 

mov 

ax,386 


testprot: 

smsw 

cx 

/Protected? Machine status -> CX 


ror 

cx,1 

/protection bit -> carry flag 


jnc 

exit 

/real mode if no carry 


neg 

ax 

/protected: return neg value 

exit: 

pop 

bp 



ret 



_cputype 

endp 



_text 

ends 




end 
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COVER SUITE: 
ENTER OS/2 



The long-awaited OS/2 will be appreciated by the millions 
of owners of80286machines, but its ultimate strength will 
depend on how developers implement the program interface. 



TED MIRECKI 


T hree long years following the in¬ 
troduction of the IBM PC/AT, the 
Operating System/2 (OS/2) finally 
arrives to unlock the full power of the 
80286. But the 80286 is no longer the 
state-of-the-art. Right now, it’s the 80386 
looking for an operating system to take 
advantage of its features. 

Make no mistake: OS/2 is geared 
to the capabilities of the 80286—it 
does not make available any 80386 en¬ 
hancements. This is an operating sys¬ 
tem based on DOS, with the same file 
structure, the same file-naming conven¬ 
tions, and most of the same utilities. 

For the user, OS/2’s major claims 
to fame are its use of more than 1MB 
of memoiT and multitasking. OS/2 can 
make use of all the physical memory 
attached to the machine, up to the full 
address space of the 80286: 16MB of 
physical memory. It also has a virtual 
memory manager that can allocate 
more memory than physical RAM by 
swapping segments out to disk. This 
virtual memory space is up to 1GB. 

And, users will have to wait for 
new applications to be written to take 
advantage of these features. Although 
OS/2 can run most DOS programs, it 
can run them only one at a time in 
640KB. In fact, the free space available 
for running programs is less than 
under DOS, because the same 640KB 


must contain the real-mode portion of 
the operating system, which is larger 
tlian DOS—about 100KB—compared 
to 55KB for DOS 3.3. 

New OS/2 applications can run in 
the background with existing DOS ap¬ 
plications in the foreground. However, 
a DOS application is suspended when 
switched to background. Therefore, 

OS/2 does not provide the services of a 
DOS multitasker such as Microsoft Win¬ 
dows or Quarterdeck’s DESQview. 

One final rub: OS/2 has not yet 
been released (although beta-test ver¬ 
sions are available to developers). 

Thus, the following articles are not in¬ 
tended as an official review of the sys¬ 
tem; they are, rather, a review of its 
design parameters and intended imple¬ 
mentation (no bug reports here). We 
look at OS/2 from five perspectives: 
user interface, architecture, multitasking 
capabilities, application program inter¬ 
face, and how one company ported its 
product from DOS to OS/2. 

So when will OS/2 be available? 
IBM has said it can be here in the first 
quarter of 1988, as Standard Edition 
version 1.0 with character-based, com¬ 
mand-line interface. A subsequent release, 
1.1 (availability not yet announced), will 
incorporate a graphics-b^ised full-screen 
user interface, the Presentation Manager, 
which is based on Microsoft Windows. 


To put to rest one fear about OS/2, 
an IBM PS/2 is not required to run it. 
OS/2 will run on the AT; most com¬ 
patibles, such as Compaq and Zenith 
machines; many clones; and, actually, 
most 80386 machines. Moreover, this 
new operating system is not an IBM- 
only product. As it does with MS-DOS, 
Microsoft will make OS/2 available to 
OEMs for adaptation to other hardware. 
In fact, OS/2 will become available to 
the end-user community only as it is 
bundled with hardware. 

OS/2 system requirements are an 
80286 or 80386 machine with a hard 
disk and 1MB of memorv^; however, 

1MB does not permit a useful real¬ 
mode partition for running DOS appli¬ 
cations. A full-sized DOS partition of 
640KB requires a bare minimum of 
1.5MB of RAM, and 2MB to do any use¬ 
ful work. Release 1.0 will run on a 
monochrome adapter, but once the 
Presentation Manager is added in re¬ 
lease 1.1, OS/2 will require a graphics 
adapter. At that point, only Enhanced 
Graphics Adapter (EGA) and Video 
Graphics Array (VGA) display systems 
should be considered. 

Because the file systems of DOS 
and OS/2 are compatible, it is quite 
possible to configure a system to boot 
up in either OS/2 or DOS. One system 
must be chosen for installation on the 
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ENTER OS/2 


TABLE 1: 05/2 Configuration Commands 


COMMAND 

PARAMETERS'* 

PURPOSE 

BREAK 

ON/OFF 

Sets Ctrl-Break checking for real mode only. 

BUFFERS 

number 

Number of disk buffers in memor>^ 

CODEPAGE 

code 

Selects a language-specific code page. 

COUNTRY 

code 

Selects country^-dependent conventions 
for displaying time, date, and currenq^ 

DEVICE 

file name 

Installs a device driver. 

DEVINFO 

device, file 

Prepares device to accept code page tables. 

FCBS 

number 

Number of File Control Blocks that 
can be open in real mode. 

lOPL 

YES/NO 

Allows or disallows access to I/O 
hardware if a process requests it. 

LIBPATH 

path list 

Specifies locations of Dynamic Link Libraries 
for runtime loading of procedures. 

MAXWAIT 

seconds 

Maximum idle time before a process 
receives a priority boost. 

MEMMAN 

[NOjSWAP, 

[NOJMOVE 

Sets options for virtual memory 
management. 

PRIORITY 

ABSOLUTE/ 

DYNAMIC 

Sets scheduling options. 

PROTECTONLY 

YES/NO 

Enables running a real-mode session. 

PROTSHELL 

file name 

Protected-mode command processor. 

RMSIZE 

kilobytes 

Size of real-mode partition. 

RUN 

file name 

Start up a process at system initialization. 

SHELL 

file name 

Real-mode command processor. 

SWAPPATH 

path 

Location of file for swapped-out memory. 

TIMESLICE 

milliseconds 

Minimum and maximum time slice. 

THREADS 

number 

Maximum concurrent threads system-wide. 

" Parameters in uppercase are entered literally;parameters in italic indicate values entered by the use)'. 


The meaning of most of these commands is similar in DOS and OS/2. The new 
commands control features such as multitasking and virtual memory management. 


hard disk; the other one then can be 
booted from a diskette. It is much 
more convenient to format the hard 
disk with OS/2 and boot DOS from a 
diskette drive because once booted, 

DOS easily can be configured to find 
everything it needs on the hard disk, 
so the boot diskette can be removed. 
OS/2, however, periodically needs cer¬ 
tain files from the boot directory, and 
no method is available to specify an al¬ 
ternate location for them. 

The user interface of OS/2 is un¬ 
cannily similar to that of DOS. At the 
command-line level, the casual user 
may not even notice the difference. Of 
course, the strength of OS/2 lies not at 
the command line, but in the environ¬ 
ment it provides for applications. Still, 
to place things in a perspective most 
users are familiar with, the system-level 
user interface is compared to the 
equivalent facilities of DOS. 

Just like DOS, OS/2 reads a 
CONFIG.SYS file at boot-up. The avail¬ 
able configuration commands are listed 
in table 1; many of them will be famil¬ 
iar to DOS users. The new commands 
fine-tune some of the features specific 
to OS/2: multitasking, virtual memory 
management, protection. (For more in¬ 
formation, see the other articles in this 
suite). Notable for its absence from 
table 1 is the DOS FILES command, 
which sets the maximum number of 
file handles that can be open. In OS/2, 
the file handle tables can grow dynami¬ 
cally as needed, so the number of 
open files is no longer limited, either 
system-wide or per process. 

A major annoyance during the 
boot-up process is that errors in the 
CONFIG.SYS file stop the system with 
the message “Press a key to continue.” 
This ensures that error messages do 
not scroll off the screen before being 
read, but an unattended power-on may 
hang if there is any problem. A better 
solution would be to write error mes¬ 
sages to a file in the root directory of 
the boot disk. 

Following the configuration step, 
OS/2 comes up in protected mode and 
starts up the command processor, 
called CMD.EXE, as a single task. It 
then automatically runs the batch file 
STARTUP.CMD (protected-mode batch 
files have the .CMD extension to distin¬ 
guish them from DOS and OS/2 real¬ 
mode .BAT files). At this point, the op¬ 
erating system is fully functional and 
the batch file can perform any com¬ 
mand. If the STARTUP file does not 
start a foreground application, the com¬ 
mand processor regains control and 
displays a command-line prompt. By 


default, the prompt is the full path 
name of the current directory enclosed 
in brackets—for example, [C: \DOS]— 
but it can be changed, using the same 
meta-language as in DOS. 

The command-line interface, espe¬ 
cially in real mode, is essentially un¬ 
changed from DOS. Piping and I/O 
redirection are indicated by the famil¬ 
iar UNIX-like syntax. Another relic from 
the days of TTY terminals is the com¬ 
mand-line editing facility, or lack 
thereof: the function keys perform the 
same actions as they do under DOS, 
and no nondestructive backspace has 
been added. Users wishing a better in¬ 
terface simply will have to wait for the 
Presentation Manager. 

In protected mode only, the com¬ 
mand line supports several new fea¬ 
tures. Several commands may be typed 
on the same line by separating them 
with ampersands (&). In order to allow 
processing of file names that contain 
ampersands and other newly reserved 
characters, OS/2 introduces the escape 
character, which is the caret (-)• The 
single character following the caret is 
treated literally. A caret at the end of a 


command line acts as a continuation 
character; the system pauses with the 
prompt More?. 

Another protected-mode feature is 
the conditional grouping of commands. 
A logical AND operation, indicated by 
&&, performs the command on its 
right only if the command on its left 
succeeds. For example, the following 
command deletes the file LETTER.DOC 
only if LETTER.BAK exists: 

DIR LETTER.BAK && DEL LETTER.DOC 

The logical OR, indicated by | |, 
performs the command on the right 
only if the command on the left fails. 
This is a poor choice of symbol, be¬ 
cause it is easily confused with the pip¬ 
ing operator indicated by a single verti¬ 
cal bar. Commands also may be 
grouped with parentheses to override 
the predefined hierarchy among the 
various conjunction, delimiter, redirec¬ 
tion, and piping operators. 

Logical conjunctions can work only 
if commands return an indication of 
success or failure, and in protected 
mode, most OS/2 commands do so. 

The completion code may be tested 
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either by the logical operators or by 
the errorlevel statement in batch files. 
For example, most commands that op¬ 
erate on files (such as DIR and DEL) 
return an errorlevel of 1 if they find no 
files matching the command parameter. 

The concept is a significant en¬ 
hancement to the DOS command inter¬ 
face, and could be especially useful in 
writing more intelligent batch files. Its 
implementation, however, is less than 
complete. Very few real-mode com¬ 
mands return error codes, and neither 
do some very obvious errors, such as 
attempting to read an empty drive or 
disk copy a hard disk. Those that do 
return errors do not use a consistent 
set of codes; for example, different 
programs return different codes when 
terminated with Ctrl-Break. At this 
point, it is unclear whether this is due 
to poor design or is merely a stage in 
the as yet incomplete evolution of this 
complex system. 

Despite these enhancements, the 
similarities between OS/2 and DOS at 
the command line far outweigh the dif¬ 
ferences. What is radically different, 
however, is that OS/2 can provide sev¬ 
eral of these DOS-like command lines, 
and the user can start a program on 
each. One of these can be the DOS 
compatibility environment, a real-mode 
static partition where most existing 
DOS programs can be executed. (For 
more information on DOS compatibil¬ 
ity, see “An Architecture for the Fu¬ 
ture,” Martin Heller, this issue, p. 66.) 

Starting separate applications and 
switching among them is the highest 
level of multitasking. The means of 
imposing such control is a hot-key util¬ 
ity that is an integral part of OS/2: the 
Session Manager. It presents a full¬ 
screen menu interface that is a radical 
departure from anything supplied with 
DOS. Although the details may change 
before the final release, and the inter¬ 
face almost certainly will be reworked 
when the Presentation Manager be¬ 
comes available, its functions will re¬ 
main unchanged. Its purpose is to start 
multiple concurrent sessions (also 
called screen groups). The user starts a 
session by naming a program to be 
executed; in protected mode, that pro¬ 
gram may, in turn, start up other pror 
cesses that may share the same screen. 

The Session Manager can be acti¬ 
vated at any point, even within a run¬ 
ning program, by pressing Ctrl-Esc; this 
key combination, at least in the prelim¬ 
inary versions of the system, cannot be 
changed. The current screen is saved in 
memory, and the current program 
moves into the background, but unless 


it is a real-mode program, continues to 
execute. Of course, background execu¬ 
tion may be subsequentiy suspended if 
the program needs keyboard input or 
access to other foreground resources. 
Depending on how it is written, the 
program may not need to wait to re¬ 
turn to the foreground to write its 
screen output. (For details and exam¬ 
ples of various methods of handling 
video in a multitasking environment, 
see “The Flexible Interface,” David A. 
Schmitt, this issue, p. 110.) 

The screen produced by the Ses¬ 
sion Manager is shown in photo 1. The 
left half displays a list of programs that 

Command-line similari¬ 
ties between OS/2 and DOS 
far outweigh the differences, 
but OS/2 provides several 
lines for several programs. 


can be started by name; it contains at 
least the entry OS/2 Command Prompt, 
which starts a new copy of CMD.EXE, 
the protected-mode command pro¬ 
cessor. The right half of the screen 
contains a list of programs that have 
been started. It holds at least the entry 
CMD.EXE, which is the single task 
started at boot-up. If the CONFIG.SYS 
file did not specify protected mode . 
only, another entry, DOS Command 
Prompt is also listed; it represents the 
real-mode session. 

Options are selected from the 
menus by using the cursor keys to 
move a highlight bar to the item of 
choice and pressing Enter. On the first 
switch into real mode, the real-mode 
command processor (COMMAND.COM) 
is started. COMMAND.COM runs an 
AUTOEXEC.BAT file from the root di¬ 
rectory of the boot-up drive. Once 
started, the real-mode session cannot 
be shut down. 

Protected-mode sessions are 
started either by choosing OS/2 Com¬ 
mand Prompt or a program name on 
the left menu. (The procedure for en¬ 
tering program names into the menu is 
described later.) In either case, the Ses¬ 
sion Manager screen disappears and 
the chosen program is started in the 
foreground, communicating with the 
physical screen and keyboard. 

Choosing the OS/2 Command 
Prompt starts up another copy of 


CMD.EXE, but this invocation does not 
execute STARTUP.CMD, nor does it in¬ 
herit the environment from any other 
session. (The OS/2 environment has 
the same format and use as in DOS, 
except that each session has its own 
separate environment). Once the com¬ 
mand prompt appears, the user must 
issue appropriate commands or run a 
batch file to set the path and other 
environmental parameters. 

The user may execute any OS/2 
command , or application program 
within the command processor session 
by typing its name at the prompt. The 
program will inherit whatever environ¬ 
ment is currently in effea for this ses¬ 
sion. CMD.EXE regains control when 
the program terminates, and the ses¬ 
sion remains active until the user ter¬ 
minates it by typing the exit command. 
This brings the Session Manager back 
to the screen. All the protected-mode 
sessions can be terminated, leaving 
only the Session Manager running, with 
the real-mode session, if there is one, 
suspended in the background. 

Instead of starting a copy of 
CMD.EXE to start a program, the user 
may direcdy choose a program from 
the left menu on the screen. The ses¬ 
sion terminates with the program; if it 
was running in the foreground, the 
Session Manager screen reappears. 

On the right half of the Session 
Manager screen, the user can choose a 
previously started session to be 
brought into the foreground. That ses¬ 
sion’s screen, updated to reflect any 
output produced by programs in the 
background, replaces the Session Man¬ 
ager display. Sessions also can be 
brought to the foreground without in¬ 
voking the Session Manager; pressing 
Alt-Esc switches directly from one ses¬ 
sion to the next, in the order the ses¬ 
sions were started up. 

Two limits are imposed on the 
number of concurrent sessions. The 
first is system memory, although if vir¬ 
tual memory management is enabled 
(by specifying MEMMAN = SWAP,MOVE 
in CONFIG.SYS), the limit becomes 
disk space, not physical RAM. The sec¬ 
ond limit is that OS/2 can support at 
most 256 threads of execution (for an 
explanation, see “Multiple Tasks,” 

Steven Armbrust and Ted Forgeron, 
this issue, p. 90). A program can con¬ 
sist of many threads and a session of 
several programs, so the total number 
of sessions depends on the design of 
the applications running together. 

Programs can be added to the 
left-side menu by invoking the update 
facility of the Session Manager. Pressing 
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PHOTO 1: Session Manager Screen 




ProgrM Selector 

Use «- or ■» to aove betweeii SUrt a Progrw and Svitch to a Running Progran. 
Use t or i to select, then press Enter. PreM FIB then Enter to Update lists. 


The left menu lists programs that can be started; the right 
menu lists the sessions that have been started. The MS-DOS 
session is suspended when this screen is displayed, but pro- 
tected-mode programs can run in the background. 


PHOTO 2: Program update Screen 



A menu-driven procedure, a significant departure from the 
DOS user interface, is used to add, delete, and change pro¬ 
gram names displayed on the Session Manager’s left menu. 
Context-sensitive help is available in pop-up windows. 





FIO opens a drop-down menu from 
which the user can choose to add to or 
delete from the program list, change 
the information for a program, or up¬ 
date the list of running sessions dis¬ 
played in the right-hand menu. This 
last choice is used to check if any ses¬ 
sions have terminated since the Session 
Manager was invoked. 

Only protected-mode programs 
can be entered into the list; real-mode 
programs must be started from the 
real-mode command line. Three pieces 
of information are rec]uired for each 
program: the descriptive title to be 
used on the Session Manager menus, 
the full path name of the executable 
file, and a command line to pass to the 
program when it is started. Unlike Win¬ 
dows, DESQview, and other environ¬ 
ments that control task-switching under 
DOS, OS/2 does not need .PIF files to 
specify the characteristics of its pro¬ 
grams. It deals automatically with any 
program behavior that is allowed in 
protected mode. 

The Session Manager’s update fa- 
ciliu^ exhibits some of the flashiest be¬ 
havior ever seen in an operating sys¬ 
tem utility. Its functions are performed 
amid a blizzard of colorful windows, 
and context-sensitive help can be 
popped up in still more windows (see 
photo 2). The only drawback is that the 
color cannot be turned off, so the 
screen becomes difficult to read on a 
single-color graphics screen—a Com¬ 
paq, for example. 

Programs that run only in the 
background can be started by two 
other methods besides the Session 


Manager. One is by a run command in 
CONFIG.SYS, the other by a detach 
command at the protected-mode 
prompt (or from a .CMD batch file). In 
either case, the program must be able 
to run without keyboard input, and 
must write its output to somewhere 
other than the screen. Standard OS/2 
commands can be run this way if I/O is 
redirected. If the process requests key¬ 
board input, it will wait indefinitely; 
screen output appears to succeed, but 
is routed to a bit bucket. A back¬ 
ground-only process must have some 
way of terminating itself, because it 
cannot be terminated by the user. 

Most of the interna’ and external 
command of DOS have been carried 
over to OS/2. Six of them are restricted 
to real mode: append, assign, break, 
graftabl, join, and subst. In addition to 
the detach command described above, 
the following four new commands are 
added: 

Ansi is an external command that 
enables or disables support for ANSI 
escape sequences for console control 
in protected mode only. In real mode, 
ANSI support is installed as in DOS, by 
loading ANSI.SYS at boot time; once 
installed it cannot be disabled. 

Dpath, an internal command, spe¬ 
cifies a list of directories in which to 
search for data files; it performs in pro¬ 
tected mode the same function that ap¬ 
pend (introduced in DOS version 3.3) 
performs in real mode and that path 
performs in both modes for executable 
files. Dpath is entered into the environ¬ 
ment, therefore, it applies only to the 
session in which it is issued. 


Helpmsg, available in both modes, 
displays an explanation of OS/2 error 
messages. When an error occurs, the 
system displays an error number and a 
short message, for example: 

DOS0193 Unacceptable executable format 

Issuing the command helpmsg 
DOS0193 produces several lines ex¬ 
plaining that either the file is damaged 
or it is a real-mode file, and suggesting 
that the user attempt running it in real 
mode. It is highly inconvenient to have 
to enter the error code; an intelligent 
message system would save the last 
code issued and use it if the command 
were entered without a parameter. As it 
is, typing the helpmsg command alone 
produces yet another cr\ptic error 
message. Incidentally, the error codes 
for these messages have no relation to 
the error level, if any, returned by the 
failing command. 

Patch is a utility for hexadecimal 
editing of files. It is a very^ poor ver¬ 
sion of the E (enter) command of DOS 
DEBUG. It reads in a specified file, dis¬ 
plays its length in hexadecimal format, 
and asks the user to enter a hex offset. 

It then displays 16 b)i:es beginning at 
that offset in DEBUG dump format, al¬ 
lowing the user to cursor over the line 
and overtype any of the displayed hex¬ 
adecimal characters. Cursor control is 
somewhat counter-intuitive, because 
nondestructive movement is performed 
with the space bar and Backspace key. 

This utility is provided because no 
equivalent of DEBUG has been in¬ 
cluded, not even for real mode. A DOS 
version of DEBUG will not run in the 

Conlinnecl on p. 63 
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AST Premium/386 Architecture 


Power That Means Something Better for 
Everyone. The AST Preraium/386 is a sigh 
of relief to users trying to decide whether 
to support IBM's® vision of the future, or 
remain in the industry-standard world of 
compatible 80386 machines. 

With 20 MHz, typical 0-1 wait-state oper¬ 
ation, a 32-bit data path from CPU to memory 
and a fully arbitrated industry-standard bus, 
the AST Premium/386 is the first 80386-based, 
AT-compatible computer to provide the 
crucial multimaster functionality of IBM's 
Micro Channel™ architecture. 

Multimaster Capability. AST's Multimaster 
Bus is a shared memory architecture that 
improves performance by eliminating CPU 
involvement in data transfers. Its ability to 
accommodate advanced coprocessor and 
multiprocessor architectures makes the 
AST Premium/386 the 
perfect solution for any 
application that can take 
advantage of intelligent 
coprocessors and control¬ 
lers, such as backend data¬ 
base processing, intelligent 
graphics controllers for 
CAD/CAE/CAM or desk¬ 
top publishing, and intel¬ 
ligent disk controllers for 
network file servers. 

Bus Master Disk 
Controller. AST's Bus 
Master Disk Controller 
actually supervises the transfer of data from its 
memory across the bus to the system memory 
without involvement of the CPU or mother¬ 
board DMA devices. 

In addition to providing ST506 or ESDI 
compatibility and optional disk caching, AST's 
intelligent disk controller can be optimized 
to provide overlapping operations for a multi¬ 
tasking environment. 

The Most Compatible 80386 on the Mar¬ 
ket. Best of all, you can continue to run any 
of your existing DOS applications on the AST 
Premium/386, and also take advantage of the 
more advanced multitasking and multiuser 
operating systems such as Microsoft's® MS 
OS/2 and XENIX? 

The same compatibility is true with hard¬ 



AST's Multimaster Bus technology allows direct access to main 
memory forfaster overall system throughput. 


ware. AST Premium/386 operates with your 
current multifunction and data communica¬ 
tions cards, as well as newer, more powerful 
board-level peripherals designed for AST's 
Multimaster Bus. The savings add up when 
you consider all of the existing software 
programs, enhancement boards, drives, moni¬ 
tors and keyboards you already own. 

Intelligent Memory Management. Up to 2 
MB of memory are standard, expandable to 13 
MB. Which means you have all the memory 
you need to multitask applications using oper¬ 
ating environment software such as Windows™ 
and DESQview™ Plus, more than enough 
memory to fulfill requirements of operating 
systems and applications in the future. 

Continuing the Tradition of Unsurpassed 
Quality. AST customers know what to expect 
—the best in quality, and the best in value. 

The AST Premium/386 
is no exception. That 
means building a sys¬ 
tem using the most 
advanced technology 
including ASIC and 
surface-mount compo¬ 
nents. And once it's 
built, test after painstak¬ 
ing test is conducted 
to prove that the AST 
Premium/386 deserves 
its name. 

Support WhenYou Need 
It, Wherever You Are. 

AST's dedication to its customers is second to 
none. Even though AST's technical support 
team resolves 95 percent of all product 
problems by phone, on-site repair is avail¬ 
able in 32 US. and 3 Canadian centers, with 
more planned. 

AST: The One Best Source for All of Your 
Computing Needs. As the industry leader 
in enhancement products, ASTprovides a full 
line of the most reliable, high-performance 
memory, data communications and desktop 
publishing solutions available. And while 
our solutions are designed to strictly adhere 
to industry standards, customizing your 
AST Premium/386 with ASTsolutions ensures 
maximum compatibility right down to the 
component level. 








































Tivo serial ports, one 
parallel port for attaching 
multiple HO devices 
without using valuable 
slots. 


220 watt power supply 
provides plenty of power 
for next generation of 
intelligent peripheral 
adapters. 


32-bit memory board, 
upgradeable to 13 MB 
using SIMM modules 
ensures your investment 
in future operating 
systems and applications 
without requiring 
additional slots. 


Multimaster Bus offers 
ability to run concur¬ 
rent hardware tasks 
while remaining 
AT-compatible. Offers 
key features of IBM's 
Micro Channel while 
protecting current 
investment in AT bus 
standard. 


20 MHz, 80386 processor 
for high performance, 
AT-compatible desktop 
computing. 


Supportfor 80287and 
80387 coprocessors 
provides users with a 
choice for computation¬ 
intensive applications. 


High-speed ESDI Bus 
Master Disk Controller 
enhances the performance 
of the AST Premium/386. 

Offers users one of the - 

highest performing 80386- MS OS/2 compatible 
based, AT-compatible for maximum software 

desktop systems available. flexibility. 

















































WeLetThem 

MdulgeThemselves. 


The Intel® 80386 chip brought minicomputer power to the 
microcomputer world. However, its implementation left you with 
only two choices. The first offered faster processing on an 
existing AT® bus. With the second, you got an overall gain in 
system throughput, but only by departing to a new bus standard 
... one that was incompatible with existing PC hardware. 

Both directions required compromise. Which was 
unacceptable to AST® engineers. So, we let them explore a 
third alternative. 

It was, after all, the same engineering team who made us 
number one in the enhancement board industry And without 
them, the AST Premium™/286 wouldn't have risen to number 
three in 80286 sales after only six months on the market! 

So, when the time came to see the results of their labor, 
we naturally expected a work of art. 

e first 20 MHz, 
architecture 

without surrendering existing PC hardware compatibility You 
no longer have to compromise anything for unprecedented 
speed and complete compatibility in a system built for the future. 


What we got was a masterpiece^M^ v 
80386-based computer to offer advanced bus 


'According to IMS America Ltd's National Computer Retail Report, a monthly audit (for the month ending May 31.1987) of computer specialty stores in the U.S. The report tracks 
purchases by those resellers. Published in Computer Reseller News August 17.1987. 
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The AST Preiriium/386 Is Just 
One Member Of Our Systems Family 


Don't let its size fool 
you. Operating at 
10 MHz with 1 
wait state, the AST 
Premium Work¬ 
station™ is the 
most powerful, 

80286-based per¬ 
sonal workstation in its class. 

It's also the most flexible. The 
proof is in its wide range of con¬ 
figuration choices. Every AST 
Premium Workstation comes with 1 to 4 MB 
of RAM on the motherboard, two serial ports, 
a VGA, EGA and Hercules™ compatible 
graphics module, a parallel port, MS OS/2 
compatibility and math-coprocessor support. 
The rest is up to you. You can choose 
a model with a 514" or 3 V 2 " diskette drive, a 
hard drive, or no drive at all, depending on 
your specific needs. 



AST 

AST 

AST Premium 


Premium/386 

Premium/286 

Workstation 

Microprocessor 

80386 

80286 

80286 

Speed (MHz) 

20t 

10,8, 6 

10 

Wait States 

0-1 

0 

1 

Standard 

Memory 

Up to 2 MB 

1MB 

1MB 

Expandable to 

13 MB 

13 MB 

4 MB 

Video Adapter 

Optional 

VGA/EGA/HGC 

VGA/EGA/HGC 

(most models) 

module 

Expansion Slots 

T 

T* 

2 

Fixed Disk 

40,90,150 MB 

20,40, 70 MB 

40 MB 

Diskette Size and 

W, 1.2 MB 

W, 1.2 MB 

574," 1.2 MB 

Capacity 

1.44 MB 

3V^i,"1.44 MB 

3>/ti," 1.44 MB 


iThree software selectable speedsfor timing-sensitive programs. 

'One 32-bit dedicated to memory, three AT-compatible 16-bit multimaster and one 16-bit AT-compatible: 
and two 8-bit in standard models. 

“One 8-bit. six 8! 16-bit including 2 FASTslots; and four user slots in standard models. 


And you may 
choose to use the 
Premium Work¬ 
station as a 
smart terminal 
attached to a 
minicomputer 
or mainframe. 

When equipped with any of 
AST's full line of industry stan¬ 
dard communications products, 
the Premium Workstation 
provides complete, factory-configured 3270, 
5250 or LAN connectivity. 

You're probably already familiar with the 
AST Premium/286. Altogether, the AST 
Premium Computer family provides reliable, 
high-performance solutions to match speci¬ 
fic computing needs today, with an upgrade 
path to high power levels in the future. You 
can't make the wrong decision, as long as 
you make sure it's AST. For more information 
call (714) 863-0181. 

I Please send me more information on the following: [ 

□ AST Premium/386 

' □ AST Premium Workstation ' 

I □ AST Premium/286 I 

I □ Please have an AST representative call me. I 

, Name , 


I Title 
I Company 
I Address 
I City/State/Zip 
I Phone 

I AST Research, Inc. 2121 Alton Avenue, Irvine, Ca. 
92714-4992 ATTN: M.C. 



AST markets products worldtvide-in Europe and the Middle East call: 44-1-568-4350; in the Far East call: 852-5-717223; in Canada call 416-826-7514. AST and AST logo 
registered and AST Premium. AST Premium Workstation. FASTslot trademarks AST Research. Inc. IBM, ATand Personal Computer AT registered and Micro Channel trademark International 
Business Machines Corp. Microsoft and XENIX registered and MS OSI2 and Windows trademarks Microsoft Corp. DESQyiew trademark Quarterdeck Office Systems. Hercules trademark 
Hercules Computer Technology. Intel registered trademark Intel Corp. Copyright © 1987 AST Research. Inc. All rights reserved. 
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ENTER OS/2 


TABLE 2: OSI2 Performance 


MODE 

SESSION 

MULTITASKED WITH 

TIME^ 

PERCENTAGE 

SLOWER 

DOS 

FG 

N/A 

9.6 

(Base) 

Real 

FG 

Nothing 

10.8 

13 

Real 

FG 

Disk format in BG 

11.5 

20 

Real 

FG 

High-compute in BG 

12.8 

33 ‘ 

Protected 

FG 

Nothing 

10.9 

14 

Protected 

FG 

Disk format in BG 

11.9 

24 

Protected 

BG 

Disk format in FG 

15.0 

56 

Protected 

FG 

High-compute in BG 

17.9 

86 

Protected 

BG 

High-compute in FG 

18.6 

94 

Protected 

BG 

BRIEF Editor in FG 

455.0 

4640 

FG = Foreground 

BG = Background 

^ Time in seconds taken by OS/2 family-mode MASM, assembling DOS 33 

version of VDISK.ASM. 


The assembly of a large file was timed under various conditions. Most results are 
reasonable, except that foreground editing greatly inhibits background assembly. 


compatibility box because DEBUG is 
version-sensitive, but SYMDEB or an¬ 
other debugger will. Microsoft is sup¬ 
plying with the preliminary OS/2 Soft¬ 
ware Development Toolkit a protected- 
mode version of the CodeView source- 
level debugger, and a more low-level 
tool for debugging system software in 
protected mode is promised with the 
production release. 

Three new commands were cre¬ 
ated for use in batch files. Setlocal 
saves the current drive, directory, and 
all the environment variables so that 
the batch file can define local values 
that are in effect only until an endlocal 
command or the end of the file. These 
commands do not nest; the first endlo¬ 
cal or end of file restores the values in 
effect before the first setlocal. 

The third new batch command, 
extproc, invokes a temporary com¬ 
mand processor to execute a batch file. 
It must be the first command in the 
file; all the subsequent commands are 
then executed by the named program. 
This is useful for implementing an en¬ 
hanced batch processor without requir¬ 
ing the user to invoke it by name. For 
example, assume the new batch pro¬ 
cessor’s name is superbat. Under DOS, 
if the user wanted this processor to 
execute the list of commands contained 
in the command file runlist, he would 
need to type superbat runlist. Under 
OS/2, he could insert the line extproc 
superbat at the top of the command 
file, and invoke the special command 
processor simply by typing runlist at 
the prompt. The point is, the user need 
not know which command files are for 
the standard command processor and 
which for a special one, because the 
files themselves specify this. 


The other utilities operate essen¬ 
tially as in DOS 3.3. The major differ¬ 
ence is that CHKDSK includes the re¬ 
port on memory usage only in real 
mode; this information cannot be ob¬ 
tained in protected mode. Granted, 
memory allocation in a system with 
multiple tasks and a virtual memory 
manager is potentially in a state of con¬ 
stant flux, but it would be useful (espe¬ 
cially to developers who are fine-tuning 
an application under controlled condi¬ 
tions) to get a snapshot at a particular 
point in time. This information must be 
kept somewhere in the system, so why 
not make it available and let the user 
-decide its usefulness? 

FIRST IMPRESSIONS DECEIVING? 

The question that is foremost in the 
minds of most prospective OS/2 users 
must be, “How does this new system 
perform?” The prerelease version is 
still evolving, so it is too early to give a 
definitive answer, but we have some 
indication of what users can expect. 

In the first place, there is no 
doubt that for most operations, OS/2 
will be slower than DOS, simply be¬ 
cause many CPU operations take more 
clock cycles in protected than in real 
mode. Second, a task running along 
with other tasks will take longer to 
complete, in terms of realtime, than the 
same task running alone. 

However, the advantages of OS/2 
are not measured fairly simply by its 
raw speed in a single task, but by the 
overall productivity gains that it makes 
possible. For example, two copies of 
the same task running together will not 
take twice as long as one copy running 
alone. Therefore, the user gains time 
over performing the task twice in se¬ 


quence in a single-threaded operating 
system such as DOS. 

To obtain some indication of an 
order-of-magnitude comparison of per¬ 
formance between OS/2 and DOS, the 
assembly of a large source file was 
timed under a variety of conditions. 
Microsoft MASM 4.5 (supplied with the 
OS/2 SDK) was used. It is a family¬ 
mode program that can run under 
DOS and either mode of OS/2. The 
source file was VDISK.ASM, supplied 
with IBM PC-DOS 3.3. It needs an in¬ 
clude file—which IBM does not pro¬ 
vide; to allow the assembly to proceed, 
die include statement in the source was 
commented out. As a result, the assem¬ 
bly generated one error because of an 
undefined symbol. 

The assembly was run in OS/2 
under nine different conditions; table 2 
lists the results, with a comparison to 
the performance under DOS. The 
high-compute program is a C language 
version of the Savage benchmark used 
in “BASIC Face-Off’ Qustin Crom, Sep¬ 
tember 1987, p. 136). 

For the most part, the results fol¬ 
low expectations: the assembly takes 
longer when running along with an¬ 
other task than when running alone, 
and longer yet if assembling in the 
background. The one surprise is the 
performance in the background when 
the foreground is running an editor: 
the assembly slows to an unacceptable 
crawl, taking well over seven minutes. 
This is not a problem with the BRIEF 
editor, because the same results were 
obtained when the foreground process 
was WordPerfect, Microsoft Word, or 
Lotus 1-2-3. Obviously, some work is 
still needed on this front. 

Other than that, the performance 
is quite respectable. Increasing the 
time by 50 percent or less is barely 
perceptible, and even a 100 percent 
increase is acceptable if the user can 
do something useful in the meantime. 

At first glance, OS/2 will not be 
very impressive to the user. But this is 
no reflection on its design, because a 
good operating system should blend 
into the background while allowing 
application programs to shine. OS/2 
conforms to that principle—its strength 
lies mainly in its interface to the appli¬ 
cation, not to the user. Whether OS/2 is 
widely accepted by the end-user com¬ 
munity ultimately depends on how well 
it is accepted by developers and what 
they do with the program interface. Just 
like hardware, an operating system is 
sold not on its own individual merits 
but on the strength of the applications 
software it can run. I '"1111 ^1 
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For anyone who’s ever 
IBM presents personal 



Now it’s easier than ever to become 
a newsmaker in business, thanks to IBM’s 
new desktop publishing system. 

It’s called the IBM® SolutionPac’" 
Personal Pubhshing System. And it 

comes complete with every¬ 
thing you need to start 


newsletters bound to open people’s eyes. 

The Personal Publishing System is 
as easy to set up as it is to buy. All the 
components are designed to work to¬ 
gether, from the Personal System/2 “ 
Model 30 to IBM’s laser printer, the Per¬ 
sonal Pageprinter. 

We’ve also preloaded all the neces¬ 
sary software—including Windows,™ 



The IBM SolutionPac for Personal Publishing lets you design 
and print near typeset quality documents. 

making headlines: the hardware, soft¬ 
ware, service and support. 

Just one purchase, and you’ll be on 
your way to designing and printing the 
kinds of presentations, reports and 
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Vladigan Hills 
re will be a 
I experienced 
light vision) 
ul world ^ 
:e pierced ^ 

JOf ^ 

esof ^ 
ride over 
moonlieht i 
htsof t 
more | 
cook I 
•d to M 
^nd JA 


Division 

1 Heavy hittin 

1 All-Stars tt 


ild west 


’FOR 

VBOYS 


ig ‘uns. For 
s, we’ll be 
the fun- 
irseman- 
irlng for 
ijking and 

'"ho nloac 










wanted to make headlines, 
publishing. 




them into eye-catching documents. 

There’s good news for IBM PC 
XT'7286 and Personal Computer AT® 
owners, too. The IBM Personal Pubhsh- 
ing Option offers you everything you 
need to upgrade your PC 
into a cost-saving 
print shop. 

To see that 
your newsworthy 
ideas are note¬ 
worthy, visit your IBM Authorized Ad¬ 
vanced Products Dealer (ask about the 
IBM Credit Card), or call your IBM 
Marketing Representative. 

For the certified dealer nearest you, 
call 1-800-447-4700, ext. 48. (In Canada, 
caU 1-800-465-6600.) 


3117 Scanner transfers artwork 
directly into the system. 


© IBM 1987. IBM and Personal Computer AT are registered trademarks, and "SolutionPac,” 
PC XT and "Personal System/2” are trademarks, of IBM Corporation. PageMaker is a 
registered trademark of Aldus Corporation. Windows is a trademark of Microsoft Corporation. 
PostScript is a registered trademark of Adobe Systems Inc. 


PageMaker® and PostScript®—on the 
system’s hard disk. All you have to do is 
turn the system on, run through the 
tutorial program and begin composing 
your thoughts. 

Because it’s from IBM, you can 
transfer many of your IBM-compatible 
files directly into the Personal Pubhsh- 
ing System-where you can then turn 
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OS!2favors the convenience of a single user 
not the maximum utilization of hardware. 

An Architecture 
for the Future 

MARTIN HELLER 


T he Operating System/2 (OS/2) is 
the latest, most ambitious project 
ever undertaken by Microsoft, 
towering well over MS-DOS, Windows, 
Word, and other major languages. iLs 
features are reminiscent of operating 
systems such as UNIX, MULTICS, VMS, 
and RSX-llM; at the same time, it re¬ 
mains largely compatible with MS-DOS. 

Like the above-mentioned operat¬ 
ing systems for much larger computers, 
OS/2 unleashes all the power inherent 
in the hardware while keeping a tight 
rein on the applications tapping that 
power. But unlike most of these sys¬ 
tems, OS/2 has, as a primary design 
consideration, the convenience of the 
single user, not the maximum utiliza¬ 
tion of the hardware. Faced with a 
choice between responding to the user 
or getting the maximum MIPS out of 
the CPU, OS/2 favors the user. 

In that dim prehistoric era (until a 
few years ago) when computer iron 
was expensive and user time was 
cheap, operating systems primarily 
were driven by the need to get the 
maximum throughput from expensive 
hardware. A big OS/MVS system opera¬ 
tor would try to balance the running of 


1/O-bound and CPU-bound jobs to max¬ 
imize the number of CPU-minutes and 
I/O operations billed per day. 

Today, user and programmer time 
costs more than computer time. OS/2 
matches this new perspective with an 
innovative approach to system schedul¬ 
ing that gives^op priority to whatever 
task the user brings into the fore¬ 
ground, regardless of its effect on over¬ 
all system throughput. In OS/2 mini¬ 
mizing the idle loop was not a primary 
design consideration. 

Unlike DOS, OS/2 is built in lay¬ 
ers, as shown in figure 1. Sandwiched 
between applications at the top and 
hardware at the bottom are three sys¬ 
tem layers: the subsystems, the kernel, 
and the device drivers. While the three 
system levels interact, their purposes 
are distinct: subsystems supply the ap¬ 
plications program interfaces (APIs), 
the kernel provides basic system ser¬ 
vices, and device drivers manage the 
intricacies of hardware. This design re¬ 
flects the modern software-tools ap¬ 
proach; each piece of the s)^stem per¬ 
forms its specialized task and passes 
information to another piece. The mod¬ 
ular design makes subsystems and de¬ 


vice drivers easy to replace. Plug in a 
new hardware device, copy its driver 
file, make a change to the CONFIG.SYS 
file, reboot the system, and a new ver¬ 
sion is up and running! In contrast, 
minicomputer systems require a time- 
consuming system generation to install 
a new device or update any part of die 
operating system. 

The kernel constitutes the “nerve 
center” of OS/2: memory management, 
task scheduling, interprocess communi¬ 
cation, file I/O, timer services, environ¬ 
ment management, and basic text mes¬ 
sage facilities. For the programmer, 
kernel services are an arms length 
away; the API implemented in dy¬ 
namic-link libraries (DDLs) is at his fin¬ 
gertips. The API is implemented quite 
differently from DOS. Service functions 
have names instead of numbers and 
are entered with calls rather than inter¬ 
rupt instructions. Parameters are passed 
on the stack rather than in registers. 
The calling protocol is the same as 
produced by many compilers, so OS/2 
functions can be called from high-level 
languages such as C, Pascal, or 
FORTRAN (see “The Flexible Interface,” 
David A. Schmitt, this issue, p. 110). 
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PC Tech Journal, August 1986 (Product of the Month) 


Discover how powerful—and 
inexpensive—PC symbolic program¬ 
ming can be with PC Scheme from 
Texas Instruments. Whether you’re an 
experienced Lisp programmer or just 
beginning, PC Scheme is the complete, 
$95* solution to your software 
development needs. 

PC Scheme combines elegant 
simplicity with remarkable speed in a 
full Lisp development system. Named 
PC Tech Jourrud's Product of the 
Month (August 1986), PC Scheme 
brings professional Lisp programming 
features to personal computers. 


261933B 

© 1987 Tacas Instruments Incorporated 


PC Scheme 3.0 

—Optimizing incremental byte-code 
compiler for ease of programming 
and operation 
—EMACS-like editor 
—Lexical scoping of variables 
—Ability to suspend PC Scheme, 
execute DOS-based programs, then 
return to PC Scheme 
—Random-file access and binary-file 
support 

—Extensions for debugging, graphics 
and windowing 

—External language interface to C, 
Turbo Pascal® and other languages 
—SCOOPS (Scheme Object- 
Oriented Programming System) 

—Two-megabyte extended/expanded 
memory support 

—New manuals with tutorials and 
examples 


Find out for yourself why experts are 
praising PC Scheme. For the dealer 
nearest you, or to order by phone, call 
toll-free: 

1-800-527-3500 

* TI Suggested list price 

PC Scheme runs on /BM® Personal Computers and compatibles 
(including the Texas Instruments Business-PwTM computer). 

Minimum configuration: 512K RAM, dual floppy system. 

Turbo Pascal is a registered trademark of Borland International. 

IBM is a registered trademark of Intematumal Business Machines 
Corporation. Business-Pro is a tradeixuzrk of Tacos Instruments 
Incorporated. 


Texas 

Instruments 
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The structure is more layered and modular than that of DOS. Not only device 
drivers but entire subsystems such as the video and the file system can be ex¬ 
panded, enhanced, or replaced outright without changing the kernel. 


A more significant difference be¬ 
tween the OS/2 API and DOS is that 
API routines are not an integral part of 
the kernel but are separated into DLLs. 
These are similar to link-time libraries 
in that they contain executable code of 
modules called from other modules. 
This code, however, is not bound into 
the main module by the linker but 
brought into memory either at load 
time or at call time. Implementing the 
API by dynamic linking is quite advan¬ 
tageous to the operating-system design¬ 
ers, chiefly because the system lends 
itself to modification and extension. API 
services can be replaced simply by pro¬ 
viding a new DLL containing modules 
that perform these services. 

Dynamic linking presents opportu¬ 
nities for applications developers as 
well as for Microsoft. General-purpose 
utility libraries for database, graphics, 
or communications management can 
be distributed as DLLs instead of link¬ 
time libraries. In addition to easy up¬ 
grades and extensions, this approach’s 
advantages are twofold. First, the dis¬ 
tributed .EXE files are smaller. Second, 
several applications running concur¬ 
rently can share one copy of the dy¬ 
namically linked code in memory, pro¬ 
vided that the routines are reentrant. 


While the kernel encases the core 
of the operating system and the DLLs 
hold interfaces and extensions, the de¬ 
vice drivers are the hardware-specific 
parts. These can be as simple as a sys¬ 
tem clock driver or as complicated as a 
network driver, and run the gamut with 
drivers for the keyboard, mouse, 
screen, and disk drives. As in DOS, 
device drivers permit hardware manu¬ 
facturers to tailor OS/2 to their system 
in a way transparent to applications. 
Drivers can provide low-level access to 
the system for special applications, as 
they have system privileges. 

OS/2’s modular and expandable 
design allows add-on enhancements 
that can alter user and application sys¬ 
tem interfaces. This feature allows addi¬ 
tions to OS/2 of a graphic user inter¬ 
face (the Presentation Manager, based 
on Microsoft Windows, announced for 
version 1.1) and significant enhance¬ 
ments to the API (database and com¬ 
munications services of IBM’s future 
Extended Edition). 

THE HARDWARE ENVIRONMENT 

OS/2 runs on the 80286 and 80386 
CPUs but not on the 8088, 8086, or 
80186. Therefore OS/2 runs neither on 
the IBM PC and PC/XT nor on the IBM 


Personal System/2 (PS/2) Model 30. In 
marked contrast to UNIX, which is de¬ 
signed to run on a variety of systems 
with different architectures, OS/2 is 
optimized for its CPU and is unlikely to 
be ported to a non-Intel architecture. 
The operating-system architecture and 
capabilities are intrinsically linked to 
the 80286’s architecture, with some 
room for enhancements to support the 
80386. Therefore, understanding OS/2 
requires some knowledge of the un¬ 
derlying hardware architecture. 

Both the 80286 and the 80386 
CPUs can operate in either the real or 
the protected mode. In real mode, the 
CPUs simply behave as fast 8086 chips 
and are limited to a 1MB memory ad¬ 
dress. Memory is addressed by the 
physical address, and any program, be 
it an application or the most crucial 
part of the operating system, can access 
any part of memory space. 

Protected mode makes a larger 
address space available. The 80286 can 
address 16MB of real memory (l^AM 
connected to the machine) and 1GB of 
virtual memory (address space imple¬ 
mented by swapping segments to and 
from disk).The 80386 can address 4GB 
of real memory and 64TB—that’s 64 
trillion bytes—of virtual memory. Of 
course, there are other constraints: few 
personal computers today come 
equipped with more than 1 or 2MB of 
RAM and 30 or 40MB of hard disk 
space. Protected mode’s salient quality 
is that it protects memory from being 
overwritten by an errant program. This 
is an invaluable tool in debugging and 
is tlie only way to preserve system in¬ 
tegrity in a multitasking environment. 

The first method of protection is 
to allocate each task a memory space 
completely disjoint from that of any 
other task. The hardware, not the oper¬ 
ating system, checks that all memory 
references are within a task’s allotted 
space. Any attempt to access, even to 
read from, a location outside this space 
is suppressed and causes a protection 
exception interrupt. This returns con¬ 
trol to the operating system, which ter¬ 
minates the task. The result is clean 
isolation of tasks from one another at 
no cost in software overhead. 

A second method of protection is 
to isolate the various functions of a task 
into four privilege levels, numbered 
zero through three. The privilege levels 
do not imply an execution priority but 
impose a set of validation rules for 
control transfers and memory accesses 
within a task. Level zero has highest 
privilege and can execute any hardware 
instruction; it is meant for “trusted 
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SETTLING FOR A 
TABLET CAN BE A 
SIZEABLE MISTAKE 





A sizeable mistake because a sonic digitizer from Science Accessories will give you more active 
area than any comparably priced tablet. And, due to its unique technology, it doesn’t restrict you to 
specialized work surface. Now with the GP-7 Mark II you really have room to work. Its active 
has been increased to 26"x20" ($1315.00). This new model, along with the GP-8 with active 
areas up to 60"x72" ($3525.00)—the large format digitizing champ, are both IBM-PC compatible. So 
Jon’t settle for digitizing on a postage stamp; open up your work area with a Science Accessories’ 
sonic digitizer. 


All our digitizers, including the three-dimensional model 
GP-8-3D, come complete with stylus or one-button cursor and power 
supply. Every model features RS-232 as standard output (parallel 
and 2-way communications and .005 resolution optional). OEM 
available. Directly supported by AutoCAD, ProDesign II, 
CADD, Easy Digit, etc. 


For more information, call Skip Cleveland (203) 255-1526. 
for your free copy of “A Guide to Sonic Digitizers.” 


SCIENCE 

ACCESSORIES 

CORPORATION 


Leader in Digitizer Technology since 1969 
970 Kings Highway West • Southport, CT 06490 • (203) 255-1526 • 


CIRCLE NO. 194 ON READER SERVICE CARD , 
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code” such as the operating system. 
Level 3 has lowest privilege. For infor¬ 
mation on the hardware-level protec¬ 
tion implemented on the 80286, see 
the sidebar, “How Proteaed Mode Pro¬ 
tects,” Ted Mirecki, p. 80. 

OS/2 uses level 0 for the kernel 
and device drivers, level 2 for special-' 
purpose I/O routines, and level 3 for 
applications. Level 1 is currendy. un¬ 
used. Applications at level 3 cannot ac¬ 
cess I/O ports nor can they set or clear 
interrupts. Some API calls are handled 
entirely within level 3; some are routed 
via a call gate (explained in the above- 
mentioned sidebar) to the kernel. 

Code at level 2 can disable ^d 
enable interrupts with the CU/Sli in¬ 
structions and access ports with IN/ 
OUT instructions. This allows an appli¬ 
cation, for instance, to communicate , 
with a data acquisition board not pro¬ 
vided with a device driver. A program 
segment can be marked as intended for 
level 2 by declaring it an lOPL segment 
at link time. But at run time, lOPL is 
granted only if the system is booted 
with the statement lOPL = YES in the 
CONFIG.SYS file. Thus, by configuring 
the system appropriately, the user can 
choose whether to allow applications 
that need direa access to die hardware. 

At level 0, the system is wide, 
open; here, a process can sdlocate' 
memory, build descriptor tables, adjust 
task scheduling, program the direa 
memory access (DMA)—in short, do 
what the operating system does. Device 
drivers’ operation is split between level 
0 and application privilege; tfiis point is 
discussed later in the article. 

OS/2 supports both real and pro¬ 
teaed modes. Real mode simulates the 
DOS environment for compatibility 
with existing applications; it is dis¬ 
cussed in the section on ‘DOS compati¬ 
bility. Proteaed-mode programs can 
benefit fully from all OS/2 services. 

Mode switching on the 80286 is an 
interesting problem. The chip was de¬ 
signed to switch easily from real to ‘ 
proteaed mode (by merely tufning-on 
a bit in a status register), biit not from 
proteaed to real model Gordon Let- 
win, chief designer of OS/2, compares 
the mechanism that Microsoft uses to 
overcome this difficulty to “turning off 
the car to change gears,” because ’a full 
system reset must be done oh the fly. 
Doing this while running multiple task^ 
without losing any of them is not m 
easy task: it takes up to a millisecond, 
during which interrupts pnnot be ser¬ 
viced. On the 80386, this is unneces¬ 
sary because mode switching in either 
direction is done merely by setting bits. 


This is the one instance when OS/2 
uses the 80386’s special capabilities. 

THE BfllLTriASKING EDGE 

The greatest productivity gain in OS/2, 
compared with DOS, is its ability to 
run several programs concurrently. 
Since the user simply can switch from 
task to task without exiting one pro¬ 
gram and loading another, he can tailor 
the computer to his needs instead of 
trying to adjust his work schedule to 
the computer. One other major advan¬ 
tage of multitasking is that long tasks 
can be run in the background while 
other interactive work is performed in 
the foreground. Actually it is an im¬ 
provement over having two computers, 
because tasks can be synchronized and 
can exchange data with one another. 

In scheduling multiple tasks, OS/2 
uses a prioritized preemptive schedul¬ 
ing algorithm. Prioritized means that 

other advantage of 
multitasking is that long 
tasks can be run in the 
background while other in¬ 
teractive work is performed. 


each time the scheduler executes, it 
starts up the highest-priority task ready 
to run (one not waiting for completion 
of some external event such as I/O or 
resource availability). If there are sev¬ 
eral such tasks with equal priority, they 
take turns in round-robin fashion (the 
next one started is the one suspended 
the longest). 

Preemptive scheduling means that 
a task can be interrupted, and control 
given to the scheduler, by events exter¬ 
nal to the task. The alternative method, 
called event-driven scheduling, does 
not perform a switch until the currently 
executing task becomes blocked, that 
is, must wait for some event to occur 
‘ before it can continue. In OS/2, a task 
obviously must be suspended when it 
blocks, but it can also be preempted by 
any of three external events: 

• The task calls an API service that re¬ 
leases some resources. If any higher- 
priority tasks consequently become 
unblocked, one of them is started. 

• A hardware interrupt indicating I/O 
completion occurs. If some higher- 
priority task was waiting for this I/O, 
it is now started. 


• A timer interrupt occurs if neither of 
the two events above occur in some 
specified time interval (which is 
called the time slice). 

Note that each event merely causes 
the scheduling algorithm to be exe¬ 
cuted but does not cause a task switch. 
If the preempted task still is the 
highest-priority unblocked task, it re¬ 
sumes execution. In effea, the highest- 
priority task continues to run (with 
time-outs for scheduling interrupts), 
until it becomes blocked or a higher- 
priority task becomes unblocked. 

OS/2 controls multitasking on 
three levels. On the top-most level is 
the session, also called a screen group, 
typically started by the user by means 
of the Session Manager (see “Enter, 
OS/2,” Ted Mirecki, this issue, p. 52). 

In most cases, each stand-alone user- 
level task is a separate session. For ex¬ 
ample, if a user wants to perform a 
database sort in the background while 
switching between a word processor 
and a spreadsheet in the foreground, 
he nee^ to start three sessions. Each 
session is allocated one logical screen 
buffer, which is displayed on the physi¬ 
cal screen when that session is 
switched to the foreground. 

A screen group is composed of 
one or more processes. A process is 
what a user thinks of a program and is 
associated with an executable file on 
disk. It can be started by the user from 
the operating-system prompt or by an¬ 
other process. In most cases, all of the 
processes simultaneously displaying 
windows on the screen must belong to 
one screen group. 

At the lowest level, the tasks that 
OS/2 actually schedules are called 
threads. Each process has one or more 
threads or paths of execution running 
concurrently. The main thread of a 
process begins at the entry point of the 
program and is started by the loader; 
subsequent threads may be started by 
system calls executed within this main 
thread. Creating a thread is similar to 
calling a subroutine, but the return to 
the calling thread occurs as soon as the 
child thread is created, not when it fin¬ 
ishes executing. OS/2 imposes a limit 
of 255 threads for the entire system. 

This multilevel struaure addresses 
two different aspects of multitasking. 
The user can control the concurrent 
execution of applications as sessions, 
while the developer has the flexibility 
to design applications whose functions 
are distributed over a set of concurrent 
cooperating processes and threads. 

Multitasking can reach its full po¬ 
tential only when concurrent tasks are 
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TEffi FLEXIBLE INTERFACE 


able to communicate witli one anotlier. 
The threads of one process, being part 
of die same program, automatically 
share the same data space and files 
(subject to the scoping rules of the lan¬ 
guage in which they are written); each 
process, however, is allocated a distinct 
set of memor>^ and file resources. The 
protection mechanism of the 80286 
microprocessor isolates processes from 
one another, unless they are designed 
in advance to communicate with one 
another. OS/2 offers abundant facilities 
for interprocess communications, for 
die dual purpose of process synchroni¬ 
zation and data transfer. 

Synchronization can be controlled 
by semaphores, named switches that 
can be set and tested to determine 
such yes/no conditions as “is this pro- 
cCvSS still running” or “is the printer 
busy.” A semaphore can be created, set, 
tested, and cleared by different pro¬ 
cesses, as long as all of diem have 
been programmed to refer to die sem¬ 
aphore by die same identifier. 

Three methods are available for 
data transfer among processes. The 
simplest and fastest of these uses a 
named block of shared memory that is 
mapped into the protected address 
space of each cooperating process. 
File-like I/O can be performed via in¬ 
memory structures called pipes and 
queues-, these simulate, respectively, 
sequential and random-access files. 

Multitasking and interprocess com¬ 
munication in OS/2 is a vast subject; it 
is discussed in detail in the companion 
article, “Multiple Tasks,” by Steven 
Armbrust and Ted Forgeron, p. 90. 

MEMORY MANAGEMENT 

To many users and developers, OS/2’s 
greatest attraction is possibly diat it fi¬ 
nally breaks the 640KB barrier. OS/2 s 
address space corresponds to that of 
the 80286; 16MB of physical RAM 
mapped to 1GB of virtual address 
space. The larger address space of the 
80386 is not supported by OS/2. 

The general layout of OS/2 mem¬ 
ory is shown in figure 2. The resident 
part of the operating system is two 
part: System (Lo) and System (Hi). The 
real-mode partition, shown in figure 2 
extending to 640KB, can be reduced or 
eliminated entirely, depending on en¬ 
tries in the CONFIG.SYS file. However, 
with System (Lo) taking up 100KB, 
most users with a real-mode partition 
will want it as large as possible. 

Note that this requires 1.5MB mini¬ 
mum RAM and twice that for good 
multitasking performance. OS/2 is not 
designed for minimum hardware; it is 


FIGURE 2: Memory Use 
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At last, full 80286 memory space is 
available. OS/2 can run most DOS 
programs in the compatibility box 
but offers less free memory than DOS 
as its real mode is larger. 


no accident that the OS/2 development 
team at Microsoft works with 80386- 
based machines with lots of RAM and 
with big, fast hard disks. 

In protected mode, OS/2 imple¬ 
ments a virtual memory-management 
system based on the descriptor-table 
address mapping that underlies the ar¬ 
chitecture of the 80286 (see the sidebar 
“How Protected Mode Protects,” p. 80). 
If physical memory is not sufficient to 
satisfy an allocation request, the con¬ 
tents of some memory segment are 
swapped out to disk, and the present 
bit in that descriptor is turned off The 
allocation is made from the memory 
that was freed as a result. When the 
swapped-out segment is subsequently 
referenced, the addressing mechanism 
generates a not-present interrupt. OS/2 
blocks the task that uses this segment 
and starts up a system thread to read-in 
the missing segment (this may, in turn, 
cause another segment to be swapped 
out). After the segment has been read- 
in, its descriptor is updated so that it 
accurately reflects the new location. 


and the waiting task is unblocked and 
becomes eligible for rescheduling. 

Swapping can be disabled if there 
is sufficient memory to load everything 
tliat needs to run at once. Swapping 
should be disabled in a realtime envi¬ 
ronment, because the delays caused by 
not-present faults could be unaccepta¬ 
ble in a time-critical application. 

Another possibility is that enough 
memory is available to satisfy a mem¬ 
ory allocation request but that it is in 
several pieces scattered around the 
machine. In this scenario, OS/2 will 
move segments around until it has 
made a “hole” that is big enough to 
satisfy the request. Because the abso¬ 
lute location of segments is carried 
only in the descriptor tables (which are 
updated by the kernel when the move¬ 
ment occurs), tlie processes that use 
those segments do not require notifica¬ 
tion when segments are relocated by 
either swapping or moving. 

In some cases, memory can be re¬ 
leased simply by discarding a segment 
(marking it not-present in its descrip¬ 
tor) without writing it out to disk. Pure 
code is not swapped; it is discarded 
and later reread from the .EXE file if 
necessary. An application also may 
mark some of its data segments discar¬ 
dable as one way to give the operating 
system some flexibility in memory 
managernent. Discardable segments are 
useful for data that could easily be re¬ 
generated or reloaded, for instance, 
pieces of screen bitmap under a pop¬ 
up window or database cache buffers. 
For more information on managing dis¬ 
cardable segments, see the article, “The 
Flexible Interface,” p. 110. 

Another way to influence the sys¬ 
tem’s memory-management algorithm 
is to link an application with some seg¬ 
ments marked “preload” and others 
“load on demand.” The latter delays 
memory allocation until it is absolutely 
necessary. In the meantime, more 
memory is available for other pro¬ 
cesses. Other suggestions for affecting 
memory efficiency at the source-code 
level are given in the sidebar, “Coding 
for Virtual Memory,” p. 75. 

In order to ensure reasonable per¬ 
formance (see the section on timing 
specifications), OS/2 fixes some seg¬ 
ments in real memory and does not 
allow them to be swapped out. These 
include the kernel code and data and 
the interrupt-time code for device driv¬ 
ers (described later). Also, the system 
reserves six segments of 64KB each 
that are allocated as a last resort when 
critical segments swapped out must be 
brought back in. All other memory is 
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OS/2 ARCHITECTURE 


considered to be available for dynamic 
allocation and swapping. 

OS/2 uses a least recently used 
(LRU) algorithm to decide what seg¬ 
ments to swap out to disk. While this 
method is not important for most ap¬ 
plications, it could, on occasion, affect 
optimal segment access patterns and 
segment sizes. The other possible 
swap-out algorithm, least frequently 
used (LFU), requires that the system 
track how often each segment is used, 
a larger overhead than simply tracking 
when each segment is used. 

Memory allocation and swapping 
under OS/2 is done on a segment 
basis, not a page basis. The Intel archi¬ 
tecture is basically segment oriented, 
with segments limited to 64KB each 
because of the l6-bit size of the 80286 
registers. The 80386 has an additional 
mode that uses 48-bit addresses instead 
of segment: offset pairs; in this mode it 
can address up to 4GB of memory in a 
flat (unsegmented) address space. The 
80386 also has hardware to implement 
page swapping. OS/2 does not support 
either of these features. 

The difference between segment- 
based and page-based memory manage¬ 
ment is that a segment’s size is deter¬ 
mined by the application, whereas page 
size is determined by the system. A 
paged virtual memory-management sys¬ 
tem has only one size page to worry 
about, which is efficient when a fair 
amount of swapping takes place. A seg¬ 
ment-based virtual memory-manage¬ 


ment system must track each segment’s 
size and location in RAM or on disk. 

While demand page swapping is 
the virtual memory-management 
method used in most minicomputer 
operating systems, including UNIX and 
VMS, it is not well supported by the 
80286 hardware. Since OS/2 is de¬ 
signed to run well on the 80286 while 
allowing future enhancements for the 
80386, the decision that was made to 
do only segment swapping, for which 
the 80286 hardware is especially de¬ 
signed, was reasonable. 

Besides automatic and transparent 
virtual memory management, OS/2 pro¬ 
vides a wide selection of system calls 
for memory management by applica¬ 
tions. Included are services to allocate 
and free single segments, allocate 
“huge” segments over 64KB, subdivide 
segments into blocks, share segments 
among processes, and create segments 
to be written and executed. 

Although the 80286 does not di¬ 
rectly allow huge segments, OS/2 has 
its own mechanism for their allocation. 
When a huge segment is requested, the 
system allocates several maximum-size 
segments, creates descriptors for each 
one, and returns the selector for the 
first one. To access the next segment, 
the system returns a selector spacing 
value that can be added to the base 
selector to obtain the next selector. 
Note, however, that the several physical 
segments making up a huge segment 
need not be contiguous in memory. 


Because segment allocation incurs 
substantial overhead, OS/2 has a mech¬ 
anism for intrasegment memory subal¬ 
location, using a classical linked list of 
storage descriptors. C programmers 
will recognize this as the same method 
used by the standard malloc() function 
provided in most C compiler libraries. 
The system-level memory suballocation 
functions of OS/2 give an efficient alter¬ 
native that can be used by MASM and 
high-level languages other than C. 

Although normally the protection 
mechanism hides the memory allocated 
to one process from other processes, 
in OS/2 memory can be shared in two 
ways among processes designed to 
cooperate with one another. One is for 
the process owning a shared memory 
segment to pass it to anotlier process 
whose task identification is known 
(usually, this means that the sending 
process created the receiving one). The 
other is for the owning process to 
create a named shared segment; then 
any other process that knows the name 
can have access to it. 

Hardware protection is ideal for 
preventing accidental attempts to over¬ 
write code or execute data. Situations 
can arise, however, in which this level 
of protection is undesirable. Consider 
the following two cases: it might be 
necessary to compile a bit of code and 
run it; then a program loader must 
perform segment fix-ups before it runs 
the code. OS/2’s response to this is the 
DosCreateCSALias function, which ac¬ 
cepts a data segment selector and re¬ 
turns a code segment selector for the 
same physical segment. 

DOS COMPATIBILITY 

OS/2 addresses both sides of the com¬ 
patibility coin with the DOS environ¬ 
ment. In the first place, most well- 
behaved DOS programs run in the 
OS/2 real mode. Secondly, programs 
can be written to run both under DOS 
and in the OS/2 protected mode. 

Real mode (also called DOS com- 
patibiliiy mode or the compatibilily 
box) can be started as an OS/2 session. 
It provides a reasonable facsimile of 
the DOS 3.x environment and includes 
support for all documented DOS 3.3 
system services as well as a few com¬ 
monly used undocumented services. 
(For instance, Borland’s SideKick can 
be run under OS/2 in real mode, even 
though it uses undocumented system 
calls.) The real-mode session is sus¬ 
pended when it is put into the back¬ 
ground, since OS/2 expects DOS pro¬ 
grams to blithely write directly to video 
RAM; if they were allowed to time- 


CODING FOR VIRTUAL MEMORY 


Because OS/2 performs segment 
swapping, choice of segment size and 
access patterns must be a considera¬ 
tion for optimum performance. For 
instance, hundreds of tiny segments 
will entail a Ibt of overhead in mem¬ 
ory allocation time and header 
space—each segment has about 30 
bytes of header. On the other hand, if 
64KB segments are available for con¬ 
stant swapping, substantial overhead 
is incurred every time the system per¬ 
forms that 64KB disk transfer. 

Controlling the order in which 
memory is accessed determines the 
amount of swapping within the appli¬ 
cation. For instance, if two large ar¬ 
rays are in separate segments and the 
following code is written: 

for i = 0 to size 
arrayl(i) = <expressionl > ; 
array2(i) = <expression2 > ; 
next i 


segments will be switched inside the 
loop and, in the worst-case scenario, 
both segments might be swapped 
each time through the loop. On the 
other hand, if the code is written as 


localized access within each segment 
is guaranteed, instead of flipping be¬ 
tween them. Of course, if array 1 and 
array2 were in the same segment, the 
first method would be more efficient 
than the second, because, in this case, 
there would be only one set of index 
overheads in existence. 

The above paragraphs provide 
suggestions for affecting memory effi¬ 
ciency at the source-code level. 

—Martin Heller 


for i - 0 to size 
arrayl(i) = <expressionl > ; 
next i 

for i = 0 to size 
array2(i) = <expression2 > ; 
next i 
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OS/2 ARCHITECTURE 


TABLE 1; DOS Features in OSI2 Compatibility Mode 


SUPPORTED 

NOT SUPPORTED 

File sharing (always in effect) 
Documented DOS services 

DOS 3.2 Network features 

Most undocumented DOS services 

ROM data area 

ROM BIOS interrupt services 

Reprogramming 8259 interrupt vectors 
Direct calls to ROM BIOS 

Hardware interrupts 

VDI and CON device drivers 

Realtime clock interrupt 

Block device drivers 

Spooler interrupt (INT 28H) 

Some functions of the INT 24H 

Critical Error Handler 

Reprogramming the 8253 
clock/timer 

Reprogramming the disk controller 

Reprogramming the COM ports 

Reprogramming the DMA controllers 


Although OS/2’s DOS compatibility mode closely approximates the DOS 3 3 envi¬ 
ronment, it does not duplicate it. Programs that rely on unsupported features may 
run improperly or may not run at all. 


share, they would overwrite the screen 
being used by protected-mode pro¬ 
grams. However, starting up a real¬ 
mode process does not totally disable 
multiprocessing; protected-mode pro¬ 
grams continue to run in the back¬ 
ground when the compatibility box is 
operating in the foreground. 

DOS users will feel at home with 
OS/2’s real mode; however, they must 
be aware of several differences. Writing 
directly to the screen is possible, but 
the DMA ports cannot be repro¬ 
grammed. BIOS interrupts are sup¬ 
ported, but addresses in ROM cannot 
be called directly. Interrupt 26H (direct 
disk write by absolute sector) is sup¬ 
ported only to diskettes, not to hard 
disks. When a real-mode program is 
suspended in the background, it could 
lose interrupts, including clock ticks. 
Therefore, communications programs 
and programs with timing dependen¬ 
cies probably will fail. Table 1 gives a 
summary of the DOS features that are 
and those that are not supported in 
OS/2 compatibility mode. 

A broad distinction also should be 
made between real mode and virtual 
8086 mode, an advanced feature of the 
80386 that is absent on the 80286. It 
provides several 1MB memory spaces, 
each protected from the other, in the 
virtual address space of the 80386. Each 
of these spaces can run a real-mode 
environment such as DOS, and the 
spaces can execute concurrently. In ef¬ 
fect, the 80386 can execute simultane¬ 
ously in both protected and real modes 
and can multitask existing DOS applica¬ 
tions. OS/2, whose lowest common 
denominator is the 80286 architecture, 
does not support this feature—it has 
only one compatibility box, in the low¬ 
est 640KB of physical memory. 


The other aspect of compatibility 
is the running of OS/2 applications 
under DOS. This is possible if the OS/2 
application is written to use only 8086 
machine instructions and call only the 
Family API, a subset of the OS/2 system 
services. After linking, a family applica¬ 
tion is processed with the OS/2 bind 
utility, adding a stub loader and bind¬ 
ings package to the executable file. 

When a family application is 
started in protected mode, only the 
application proper is loaded from disk, 
and the system calls are fielded by the 
standard OS/2 API DLL. In compatibility 
mode and under DOS, the stub loader 
attaches the bindings to the application 
and performs the necessary load-time 
fix-ups so tliat API calls refer to entry 
points in the bindings. 

The bindings translate OS/2 system 
API calls to DOS system function inter¬ 
rupts. So, in effect, the bindings are an 
OS/2 simulator for DOS or a call-based 
library to the DOS system functions. 

A few other restrictions must be 
obeyed to build a family application. If 
a family application is to run in real 
mode, it cannot be bigger than a DOS 
application; it must fit into 640KB. 

None of the OS/2 multitasking features 
can be used, and certain functions must 
be restricted to subsets—for instance, 
all the features of DosOpen cannot be 
used in a family application. 

Not every OS/2 function is made 
compatible between real and protected 
mode in family applications. The func¬ 
tion DosGetMachineMode can be used 
to determine the CPU mode, and 
DosVersion to distinguish between 
DOS and OS/2 (the latter returns 10). 
Then conditional code can be em¬ 
ployed to handle incompatibilities. For 
instance, the mouse library has no fam¬ 


ily binding, so sequences such as the 
following pseudocode are required: 

CALL DOSGETMACHINEMODE 

( addressof( mode_flag ) ) 
if(mode_flag = 0) /* real mode */ 
do INT 33H function 
else /* protected mode */ 

CALL MOUxxxx(parameters . . . ) 
endif. 

Family applications are somewhat 
bigger on disk (by 10 to 30KB) than 
ordinary applications because of the 
presence of the stub loader and the 
API bindings. No speed or size over¬ 
head exists for a family application in 
protected mode—the bindings drop off 
at load time. A modest cost is incurred 
for running speed, load time, and size 
in real mode. For compilers, sort pack¬ 
ages, or other traditional applications 
that would like to run in both of these 
modes and operating systems, family 
API seems a reasonable approach. Ap¬ 
plications that need more memory, 
multitasking, or a graphics interface 
will do better with separate executable 
files for DOS and OS/2. 

I/O SERVICES 

The API provides a complete set of ser¬ 
vices for I/O on character and block 
devices. Subsystems implemented in 
DLLs put these services into effect, al¬ 
lowing easy enhancement without re¬ 
writing the OS/2 kernel. 

The video, keyboard, and mouse 
subsystems generally follow the struc¬ 
ture of the corresponding services 
available under DOS. (DOS does not 
directly support the mouse, but most 
vendors supply device drivers that im¬ 
plement a set of functions called via 
interrupt 33H.) All three subsystems 
provide significant extensions to what 
is available under DOS; the best news, 
however, is that OS/2 video services 
are much faster than BIOS interrupt 
lOH. In addition, applications can gain 
direct access to both logical and physi¬ 
cal video buffers; examples are given in 
“The Flexible Interface,” p. 110. 

One I/O service that is new to 
OS/2 is the character device monitor. 
This background-only task monitors 
and processes the data stream to or 
from a character device. One device 
may have several monitors; in which 
case each of them passes the data 
stream (after transforming it, if appro¬ 
priate) to the next one. This is tlie 
OS/2 equivalent of DOS terminate-and- 
stay-resident (TSR) utilities that hook 
interrupts (not allowed in protected 
mode) and can implement keyboard 
macroprocessors and hot-key pop-up 
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utilities. As support, the API includes 
services for writing to the physical 
screen even from the background. 

Monitors can be used for both 
input and output streams. The print 
spooler supplied with OS/2 is a moni¬ 
tor that processes the stream of charac¬ 
ters sent to the printer. 

The OS/2 file system is, for all 
practical purposes, identical to the one 
in DOS. Hard disks and diskettes for¬ 
matted under OS/2 can be read under 
DOS and vice-versa. A compatible file 
system is good news if OS/2 and DOS 
are to be kept on the same hard disk. 

It is bad news if partitions bigger than 
32MB need to be supported. A prom¬ 
ised future enhancement, the Install¬ 
able File System, will break the 32MB 
barrier; until then, multiple partitions 
must be used on large disks. The mul¬ 
tiple-partitions support is the same as 
the one in DOS 3-3. 

Like other OS/2 services, file sys¬ 
tem functions are called by name 
through the standard API. Calls such as 
DosOpen and DosWrite will be familiar 
to UNIX or DOS programmers. A major 
innovation is that file reads and writes 
can be asynchronous: the system will 
actually create a thread to do the I/O 
while the calling process continues to 
perform other tasks. 

A multitasking system, like a net¬ 
work, must control concurrent file ac¬ 
cess to maintain integrity of data files. 

In this regard, OS/2 provides the same 
capabilities as the SHARE option of 
DOS 3.1 and later versions. 

m^xmcumiNG 

As discussed in the section on system 
structure, DLLs are important for keep¬ 
ing OS/2 modular and allowing code to 
be shared by multiple processes. In 
this section, dynamic linking is ex¬ 
plained in some detail. 

In a static link, all the target code 
must be present when the executable 
is built and incorporated into the .EXE 
module on disk. This makes the .EXE 
larger, freezes the target code, and pre¬ 
vents sharing of the target code. With 
dynamic linking, only a definition rec¬ 
ord for the target code is present at 
link time and incorporated into the 
executable file; the code itself is kept 
in a separate .DLL file. The target code 
can be changed at any time without 
this affecting the .EXE file, the .EXE is 
smaller, and the target code will be 
shared automatically among the multi¬ 
ple threads and processes. 

When loading a file with calls to 
DLL routines, the OS/2 loader deter¬ 
mines whether the called modules are 


already in memory; if not, it loads 
them from .DLL files. Then it resolves 
and fixes up call addresses, much as 
the DOS loader does with statically 
linked code. Loading of dynamically 
linked code can be either slower or 
faster than statically linked code: if .DLL 
code is already in memory, loading is 
faster; if it must be loaded, the process 
is slower, since .EXE files are contigu¬ 
ous and .DLL files require library direc¬ 
tory lookups. 

The .DLL files can be used in a 
number of special ways to tune appli¬ 
cation performance. Dynamic linking is 
simplest at load time, as described 
above. However, it may not be desir- 

A multitasking system, 
like a network, must control 
concurrent file access in 
order to maintain the integ¬ 
rity of the data files. 


able to have all dynamically linked code 
loaded at once: there might be rarely 
used sections of the program requiring 
the loading of large libraries, which 
could take the program an unaccepta¬ 
bly long initialization time, or the pro¬ 
gram could have a number of different, 
mutually exclusive options. In this case, 
dynamic linking should be done at run 
time instead of at load time. The rou¬ 
tine names would be generated at run 
time, then loaded with explicit calls to 
the function DosLoadModule. After¬ 
ward, these could be released with 
calls to the function DosFreeModule. 

OS/2 automatically takes care of 
data segments in shared modules. Data 
specific to a particular process calling a 
shared module is called instance data, 
memory for it is allocated and values 
are initialized for each calling process 
at each call. Data that is common to all 
users of the module is called global 
data and is initialized only at the point 
when the module is loaded. 

As previously mentioned, OS/2 
subsystems are generally implemented 
as DLLs, which makes them easy to 
replace, up to a point. Whereas many 
of the services are performed by rou¬ 
tines that execute at privilege level 3, 
some of the more important ones, such 
as memory allocation and task control, 
must be performed at level 0, the ker¬ 
nel. The replaceable portions of these 


services merely invoke a call gate to 
transfer to entry points in the kernel. 

DEXTEROUS DRIVERS 

As discussed in the section on system 
structure and shown in figure 1, device 
drivers provide the interface between 
OS/2 and system peripherals. Here 
drivers are discussed in moderate de¬ 
tail; full details can fill up at least an 
entire book. Developers and OEMs 
who need to write device drivers also 
should request a supplemental kit 
(costing $150) that is available from 
Microsoft to owners of an OS/2 SDK. 
The kit includes special software that 
may render debugging protected-mode 
device drivers merely difficult instead 
of next to impossible. 

OS/2 uses device drivers in much 
the same way as DOS uses BIOS—as a 
hardware-dependent layer between the 
device-independent operating system 
and the hardware. One obvious differ¬ 
ence is that DOS drivers can use the 
ROM BIOS that comes with the hard¬ 
ware; for their part, the OS/2 device 
drivers are contained totally in software 
and may come with either the operat¬ 
ing system or the hardware. 

For OS/2, the ROM BIOS fulfills 
only two functions: to start the OS/2 
boot-strap loader and to provide ser¬ 
vices to file DOS 3.x box. Since BIOS 
code, in general, will not run in pro¬ 
tected mode, OS/2 ignores BIOS in 
protected mode and uses device driv¬ 
ers to go direcdy to the hardware. The 
outcome can be good and bad. On the 
plus side, device drivers are easier to 
change than BIOS chips. The drawback 
is that the built-in customization pro¬ 
vided by ROM BIOS extensions in de¬ 
vices such as Enhanced Graphics 
Adapter (EGA) cards no longer exists. 

The new IBM Personal System/2 
(PS/2) hardware provides a partial cor¬ 
rection for this. IBM has added an Ad¬ 
vanced BIOS that can work with the 
device driver in real and protected 
modes. Although this innovation is not 
stricdy an OS/2 feature, OS/2 can sup¬ 
port it when running on a PS/2. 

The device driver provides basic 
services direcdy to the operating sys¬ 
tem and indirecdy to applications. It 
performs reads and writes on physical 
devices and I/O control (such as device 
resets and mode changes). It also iso¬ 
lates the OS/2 kernel from the hard¬ 
ware; in turn, the kernel isolates the 
device driver from applications, system 
structures, and events. 

All device drivers have a standard 
interface. The OS/2 kernel does not 
know or care whether a given device 
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uses DMA or programmed I/O, it just 
asks the device driver to transfer the 
information. Neither is the kernel con¬ 
cerned with the disks’ geometry. On 
the other hand, the kernel provides a 
number of services to device drivers, 
called device helps (DevHelps). 

The structure of an OS/2 device 
driver is similar to that of a DOS 
driver; there are both strategy and in¬ 
terrupt entry points. But because OS/2 
is a multitasking system, this division 
makes sense at last. The flow of control 
through a device driver is as outlined 
in the paragraphs below. 

When an application requests a 
device I/O, it calls the system API; the 
request reaches the kernel, which 
blocks the requesting thread, and, in 
turn, calls the device-driver strategy 
routine. This routine queues the re¬ 
quest, and, if the device is not busy, 
starts it. The strategy routine then ter¬ 
minates, and control returns to the ker¬ 
nel, which dispatches the next thread. 

When the device completes the 
I/O request, it issues a hardware inter¬ 
rupt that asynchronously preempts 
whatever thread is executing. The inter¬ 
rupt is handled by the device driver’s 
aptly named interrupt routine, which 
marks the previous queued request 
complete, unblocks any threads waiting 
for this request to complete, and re¬ 
starts the device with the next I/O re¬ 
quest packet in the queue. At the de¬ 
vice-driver level, all I/O requests are 
synchronous, that is, at least one thread 
always awaits every request. For asyn¬ 
chronous requests from applications, 
the kernel creates a system thread that 
waits for completion and signals by 
resetting a RAM semaphore. 

The device driver is an OS/2- 
format .EXE file on disk, with the same 
structure as any protected-mode pro¬ 
gram with dynamic links to OS/2 ser¬ 
vices. It can have multiple segments in 
the file, but only the first two, DATA 
followed by CODE, are kept after ini¬ 
tialization. A special header is located 
at the beginning of the DATA segment 
that is used for system management. 
This header is similar to the one used 
in DOS device drivers; it includes a 
bit-encoded device attribute word, an 
offset to the strategy routine, and the 
name of the device (for a character 
device driver) or the number of units 
(for a block device driver). As in DOS, 
OS/2 device drivers are kept in a 
linked list in memory. 

Although OS/2 allows direct access 
to API functions from high-level lan¬ 
guages, writing device drivers in com¬ 
piled languages is not practical. The 


start-up routine inserted by the typical 
compiler is suitable only for applica¬ 
tion-level programming, and parame¬ 
ters are passed to the DevHelp routines 
in machine registers. 

A device driver executes in one of 
die following four modes: Init, User, 
Kernel, and Interrupt. 

Init mode operates at privilege 
level 3 with but with I/O privilege. This 
is operating-system boot time, and it is 
the device driver’s chance to initialize 
the hardware in a synchronous way, as 
part of the thread of the system initiali¬ 
zation process. As in DOS, the initiali¬ 
zation code is called through the strat¬ 
egy routine as an Init request package. 

Although OS/2 allows di¬ 
rect access to API functions 
from high-level languages, 
drivers are practical only in 
assembly language. 


The driver can hook both hardware 
and ROM BIOS interrupts and allocate 
any memory it will need to service I/O 
requests. To do so, it can use the ker¬ 
nel DevHelp services and a subset of 
the OS/2 API calls. The initialization 
code can be discarded once that it has 
been implemented. 

User mode is used for handling 
real-mode BIOS ROM requests from 
the compatibility box. Real-mode appli¬ 
cations can perform device I/O through 
the DOS interrupt 21H function inter¬ 
face, through a ROM BIOS interrupt, or 
through direct access to the device. 
Requests through interrupt 21H are 
converted to request packets by the 
kernel, but BIOS interrupts must be 
intercepted by the device driver. 

Because the ROM BIOS was never 
intended for a multitasking environ¬ 
ment, the device driver must screen 
requests to the BIOS. First, it must 
serialize access to the device typically 
via “device-busy” semaphores. Second, 
it has to protect critical sections of 
ROM code from being preempted. For 
instance, the printer, screen, and disk 
ROM BIOS service routines are time 
critical and cannot tolerate being sus¬ 
pended—thus, the device driver has to 
lock the real-mode session in the fore¬ 
ground while I/O is in progress. 

The device driver can hook ROM 
BIOS interrupts with the SetROMVector 


device help. It can protect critical BIOS 
code from being blocked with the 
ROMCritSection device help function, 
which will prevent the user from 
switching away from the real-mode 
screen. On the other hand, if the user 
has a TSR application that takes control 
while the CPU is executing ROM BIOS 
code with ROMCritSection set, it might 
not be possible to switch away from 
the real-mode session until the TSR 
application is stopped. 

Kernel mode is in effect when the 
device-driver strategy routine (also 
known as the task-time routine) is 
called. The strategy routine will not be 
preempted .by a task switch but can be 
interrupted by incoming hardware in¬ 
terrupts. It must actually protect itself 
against its own interrupt routine by dis¬ 
abling interrupts when it checks for an 
active device as well as when it exam¬ 
ines the device queue. 

The task-time routine should be 
fully reentrant in order for it to sup¬ 
port multiple concurrent requests. Al¬ 
though it will not be preempted, this 
routine may become blocked (for ex¬ 
ample, by referring to a segment that 
was swapped out), or it may voluntary 
yield control to a time-critical thread. 
Microsoft suggests checking for a time- 
critical process every 3 milliseconds 
and yielding control if one is found. If 
the task-time routine is suspended for 
any reason whatsoever, there is, of 
course, no guarantee that this routine 
will be resumed before the next re¬ 
quest comes along. 

The strategy routine is called with 
a pointer to a request packet, which 
contains 13 bytes of request header 
and a variable-length data section. The 
pointer is bimodal (valid in either real 
or protected mode) and can be used 
directly as a 32-bit physical address for 
linking the request into the queue. 

The task-time routine is responsi¬ 
ble for queuing request packets and 
mapping addresses for the interrupt 
time routine (the reason for this is 
explained below). I/O control opera¬ 
tions are generally done immediately 
and synchronously; reads and writes 
are generally queued. It is up to the 
strategy routine whether queued I/Os 
are FIFO or sorted by sector: character 
devices are almost always FIFO, and 
block devices are often sorted. Sorted 
block access on disks is sometimes 
called “elevator seeking.” 

Interrupt mode refers to the time 
when the hardware interrupt hands 
control to the device driver’s interrupt 
entry point. This routine must confirm 
that the interrupt is indeed for this 
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driver (in case that hardware interrupts 
are being shared) and, if this is the 
case, restart the device for the next I/O 
request in the queue. 

Because the machine mode and 
addressing context may be different at 
task time from what they are at inter¬ 
rupt time, device drivers must be bi- 
modal, that is, able to operate equally 
well in both real and protected modes. 
Because real-mode addresses are, in 
general, not the same as protected- 
mode address, segment arithmetic is 
inappropriate. And, as the contents of 
local descriptor tables need not remain 
the same from task time to interrupt 
time, the storing of segment descrip¬ 
tors also is inappropriate. 

The solution is to store only 32-bit 
physical addresses. There are DevHelp 
routines to convert physical addresses 
to and from virtual addresses and user 
virtual addresses. For instance, the 
PhysToVirt function converts a 32-bit 
address to a segment: offset pair in real 
mode and a valid selector:offset pair in 
protected mode (creating descriptor- 
table entries as appropriate). This re¬ 
lieves the device driver from the re¬ 
sponsibility of having to do mode- 
dependent addressing by recognizing 
the CPU mode. The call, UnPhysToVirt, 
is used as a signal that the device 
driver has finished with the temporary 
selectors that were set up with its calls 
to PhysToVirt. The VirtToPhys device 
help is used by the strategy routine to 
convert the virtual buffer addresses 
passed by the client routine to the 
32 -bit physical addresses that will be 
valid at interrupt time. 

Bimodal addressing may seem 
more like voodoo than programming. 
But some of the confusing bits are ac¬ 
tually simple in practice. For example, 
suppose that a buffer is in extended 
memory and an interrupt comes in real 


mode. The interrupt-time routine can¬ 
not access extended memory in real 
mode, but it does not have to: all it has 
to do is mark the I/O packet complete, 
restart the device, and exit. 

Other considerations in designing 
device drivers are that proteaed-mode 
objects are usually movable and their 
location may change between task and 
interrupt times. DevHelps serve to lock 
and unlock memory and to allocate 
and deallocate physical memory. How¬ 
ever, tying up too much static memory 
could increase the number of swapping 
operations that the system must per¬ 
form to run applications—this is a 
trade-off between the extra code to 
handle moving objects and the overall 
system performance. 

TIMING SPECmCAnONS 

The announced critical OS/2 timing 
specifications are for a standard 6 -MH 2 
AT. All timings should be faster on 
higher-clock-speed 80286 machines and 
on 80386 machines. These numbers are 
targeted by Microsoft for their software 
and developers should strive to attain 
them in order to maintain acceptable 
overall system performance. 

Interrupt latency. The maximum time 
from the occurrence of a hardware in¬ 
terrupt to its acknowledgement by a 
device driver is 400 microseconds. 

Mode switching. It takes a maximum of 
1 millisecond to switch from protected 
mode to real mode on an 80286 ma¬ 
chine. Switching back to protected 
mode is faster; mode switching on an 
80386 machine is much faster. 

Critical thread latency. The highest- 
priority thread should have to wait no 
more than 6 milliseconds from the 
time that it is unblocked up to the time 
that it starts running. Thread latency 
includes, as well, 1 millisecond of pos¬ 
sible context switching. 


HOW PROTECTED MODE PROTECTS 


A review of the principles of hard¬ 
ware protection is important because 
OS/2 uses protected mode on the 
80286. The 80286 hardware design 
provides protection on three levels. 

First, it isolates concurrendy run¬ 
ning tasks by limiting memory access 
to a memory space that is separately 
defined for each task. 

Second, it isolates various func¬ 
tions performed within a task by as¬ 
signing them to one of four privilege 
levels and enforcing rules for mem¬ 
ory access across level boundaries. 
Figure 1 illustrates the relationship 


between intertask and interprivilege 
protection. A code executing at level 
zero has the highest privilege, which 
means that it can perform any instruc¬ 
tion in the 80286 instruction set and 
access memory at any level. Code at a 
less privileged (numerically greater) 
level cannot execute certain instruc¬ 
tions and cannot direcdy access seg¬ 
ments at more privileged levels. The 
chip designers’ intention (honored by 
OS/2) was that only the kernel should 
run at level zero, whereas applica¬ 
tions run at level three, which has the 
lowest privilege. 


Timer resolution. OS/2 resets the sys¬ 
tem timer to operate at 32 Hz. Time 
intervals, although they can be speci¬ 
fied in milliseconds, are restricted to 
the resolution of a timer tick, approxi¬ 
mately 32 milliseconds. 

In the final analysis, regardless of 
specifications or any adherence to 
them, OS/2’s performance will be mea¬ 
sured in real-world end-user applica¬ 
tions. A complete exploration of this 
subject must await the introduction of 
significant applications whose perfor¬ 
mance can be measured. 

From all the evidence available, 
OS/2 constitutes a complicated operat¬ 
ing system whose true dimensions will 
come to light only through actual 
hands-on experience. Although much 
remains to be learned about the sys¬ 
tem, OS/2’s capabilities certainly make 
the effort worthwhile. The three salient 
features of OS/2 architecture are the 
following: a design basis that favors in¬ 
teractive response, close optimization 
to the underlying hardware, and a 
modular, expandable system structure. 

At the moment, the system has (fi¬ 
nally!) realized the full potential of the 
AT-class machine. Although an 80286 
machine is hardly state of the art, it 
represents a quantum leap over the 
most prevalent personal computer con¬ 
figuration, a wheezing antique of an 
8088 CPU running DOS. 

OS/2’s main attraction, however, is 
the promise that it harbors for the fu¬ 
ture. Microsoft has announced that 
OS/2 is poised to become the bedrock 
upon which several generations of soft¬ 
ware for ever more powerful Intel- 
based machines will be built, Lmniuiiii^l 


Martin Heller, Ph.D. (physics), is designing 
applications for OS/2. He consults on techni¬ 
cal uses of computers and edits the Journal 
of Engineering Computing and Applications. 


Third, the protection mechanism 
imposes memory typing to prevent 
writing over code and executing data. 
When the memory space is defined 
(as explained below), every segment 
is identified as either executable 
(code) or readable (data). Code seg¬ 
ments also can be declared readable 
and data segments writable, but 
writable and executable characteristics 
are mutually exclusive. 

The implementation of all three 
levels is tightly intertwined within the 
mechanism for generating physical 
memory addresses. 
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The protection mechanism totally isolates each task in a separate address space; 
within each task, it enforces strict rules of interaction between the code and data 
segments at different privilege levels. 


FIGURE!: Segment Descriptor Format 



Only memory defined by segment descriptors is accessible in protected mode 
(two descriptor tables define a task’s memory space). The contents of a descrip¬ 
tor locate the segment in physical memory and validate access. 


In real mode, the addressable 
memory space of the 80286 is prede¬ 
fined at 1MB, and any instruction in 
any program can access any location 
in this space. In protected mode, the 
addressable memory space is defined 
in tables containing a descriptor for 
each memory segment of 64KB or 
less. Every task is provided with two 
descriptor tables: a global descriptor 
table (GDT) that is available to all 
tasks in the system and a local de¬ 
scriptor table (LDT) specific to each 
task. At any given time, only one GDT 
and one LDT are accessible. Because 
memory can be accessed only 
through a descriptor, a task cannot 
access any memory outside of the 
space that is defined by its particular 
pair of descriptor tables. 

A descriptor table can be up to 
64KB; therefore it can contain up to 
8192 eight-byte descriptors, each de¬ 
fining a segment of up to 64KB. With 
two tables of maximum size, each 
task can be provided with an addres¬ 
sable memory space of twice 8192 
times 64KB, or 1GB (a billion b)l;es). 
Of course, the physical memory of 
the system (limited by the 24-bit ad¬ 
dress bus to 16MB) limits how many 
of these segments can be resident in 
physical RAM at any given time, but, 
as explained below, a mechanism is 
available for recording whether a par¬ 
ticular vSegment is or is not resident. 

The format of a descriptor is 
shown in figure 2. The high-order 
two bytes are solely to provide com¬ 
patibility with the eight-b)^e descript¬ 
ors of the 80386; they must be zero. 
The 24-bit base address locates the 
start of the segment in the 16MB 
physical memory space; the 16-bit 
limit field holds the length of the seg¬ 
ment minus one, or the offset of the 
last byte within the segment. The ac¬ 
cess byte specifies the type and privi¬ 
lege level of the segment and 
whether it is currently in memor)^ 
Some descriptors do not define mem¬ 
ory segments but contain special 
pointer values for validating intertask 
and interlevel control transfers. One 
type of control descriptor is de¬ 
scribed later in this sidebar. 

Descriptor tables are built in 
memory, but memory cannot be ac¬ 
cessed until descriptor tables are 
built. In order to break this chicken- 
and-egg impasse, the GDT is created 
by the operating system before tlie 
switch to protected mode, when the 
lower 1MB of memory is directly ac¬ 


cessible through physical addresses. 
Furthermore, the descriptor defining 
the memory for the GDT is kept not 
in a memory-based table but in a 40- 
bit GDT register within the CPU. This 
register holds the 24-bit physical base 
address and 16-bit length of the GDT; 


no access byte is needed because the 
table cannot be swapped out to disk, 
and its type and privilege (level zero) 
are invariant. LDTs are created in pro¬ 
tected mode, in memory defined by 
descriptors in the GDT. The operating 
system builds an LDT for a task at 
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The 13-bit index value is multiplied by eight to give an offeet to an eight-byte 
descriptor in one of the two tables selected by bit 3. 


FIGURE 4: Logical-to-physical AddressMapping 


CPU MEMORY 


HIGH 

GTDR (40 BITS) MEMORY 



LOW 

MEMORY 


The selector points to a descriptor, which, if it passes certain checks, is loaded 
into the hidden cache portion of the register. A memory address is generated by 
adding the offset to the segment base loaded from the descriptor. 


load time, creating an initial set of 
descriptors based on information in- 
sened in the load file by the linker. 
Additional descriptors within an LOT 
are created and destroyed in re¬ 
sponse to memory-allocation requests 
from the task. All access to descriptor 
tables is limited to code executing at 
privilege-level zero. 

Protection checks are applied by 
the hardware at two points during 
execution: first, when a segment reg¬ 
ister is loaded, then at each reference 
to a memory location. If a violation of 
tlie protection rules is detected at any 
point during the testing process, the 
hardware generates one of several 
processor interrupts known as protec¬ 
tion exceptions. The operating system 
must provide interrupt handlers for 
each exception to process each type 
of protection violation appropriately. 

The instructions that change the 
contents of registers DS, ES, and SS 
are LDS, LES, MOV, and POP; for the 
CS register they are the intersegment 
form of JMP, CALL, and I^T. In pro¬ 
tected mode, the value loaded into a 
segment register is called a segment 
selector, it is an index into one of the 
two descriptor tables available to the 
task. Because each descriptor is eight 
bytes long, the low-order three bits of 
its index are known to be zero and 
can be used to hold other informa¬ 
tion, as shown in figure 3. 

Figure 4 illustrates the mecha¬ 
nism of translating a selector into a 
segment address using the GDT (the 
LDT is used in a similar fashion). The 
index value from the selector first is 
converted to an offset by zeroing out 
the low-order three bits, then com¬ 
pared to the length of the GDT in the 
limit field of the GDT register. A pro¬ 
tection exception occurs if the offset 
is greater than the limit. Otherwise, 
the offset is added to the base ad¬ 
dress, giving the 24-bit physical ad¬ 
dress of the desired descriptor. 

The selected descriptor’s access 
byte is used to determine the type, 
privilege level, and presence in mem¬ 
ory of the target segment. In most 
cases, the type must indicate a mem- 
or^^ not a control, descriptor (but see 
a special case below), and the seg¬ 
ment must be marked executable for 
loading into CS, readable for DS and 
ES, and writable for SS. 

Privilege-level rules are different 
for loading CS and the other segment 
registers. For CS, a jump or call in¬ 
struction is legal if the descriptor 


privilege level (DPL) in the access 
byte is equal to the current privilege 
level (CPL) of the segment currently 
executing. This means that transfers 
of control are allowed only within the 
same privilege level, but a mecha¬ 
nism, (described later) is supplied to 
allow calls (but not jumps) to more 
privileged levels. A return is allowed 
to a level of equal or lesser privilege. 

For data and stack segments, the 
target segment DPL cannot have 
higher numeric privilege level than 
the numeric maximum of the CPL and 


the requested privilege level (RPL) of 
the new segment selector. This test is 
intended for the validation of data 
selectors passed to a routine at a 
more privileged level; the RPL indi¬ 
cates the privilege level from which 
the selector originated. In this way, a 
program at a low privilege level can¬ 
not request a privileged program to 
overwrite privileged memor)^ 

A protection exception occurs if 
any of the above type or privilege 
rules are violated. Otlierwise, the 
present bit is tested, and a not-present 
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FIGURES* Transfer through a Call Gate 
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A direct call to a procedure in a more privileged segment can be transferred via 
a call gate with a privilege level similar to the caller’s. Level checking is relaxed 
to allow a call, not a jump, to a segment of higher privilege. 


exception occurs if the bit is zero. 

The hardware does not directly im¬ 
plement virtual memory management, 
but supports its implementation in 
the operating system by issuing an 
interrupt when a missing segment is 
referenced. The operating system is 
responsible for turning off the pres¬ 
ent bit when a segment is swapped 
out, to keep track of its location on 
disk and to provide an exception han¬ 
dler that reads the missing segment 
back in and updates the present bit 
and base address in its descriptor. 

If no exceptions are generated 
by the type, privilege, and presence 
checks, the new selector is now 
moved into the segment register, and 
the low-order six bytes of the de¬ 
scriptor are copied from the descrip¬ 
tor table into the segment register’s 
descriptor cache. Each of the four 
segment registers has this 48-bit ex¬ 
tension (not accessible by any instruc¬ 
tions) that is automatically loaded 
whenever a valid selector is loaded 
into the 16-bit part of the register that 
is visible to programs. Its purpose is 


to keep the physical segment address 
and length on-board the CPU so that 
the subsequent protection checks can 
be made without reference to any of 
the tables tliat are in memory. 

Whenever a descriptor is moved 
to a segment cache, the accessed bit 
in its descriptor in the table is turned 
on. The hardware neither tests this bit 
nor resets it when the cache is over¬ 
written; this feature is meant merely 
to aid the operating system in decid¬ 
ing which segments to swap out by 
identifying those that were never 
loaded into segment registers. 

Another protection test is applied 
at each reference to a memory loca¬ 
tion. The offset portion of the address 
is compared with the limit value in 
the cache; a protection exception oc¬ 
curs if the offset if greater. Otherwise, 
the offset is added to the base value 
from the cache in order to produce a 
24-bit physical address of the location 
that was referenced. 

It was mentioned that descriptors 
not only can define memory seg¬ 
ments but also can provide informa¬ 


tion for enforcing protection when 
control transfers are required among 
tasks and among privilege levels. 

As described above, the protec¬ 
tion mechanism requires that the 
privilege level of a segment targeted 
by a far call be the same as the level 
of the calling segment. But interlevel 
calls are useful to invoke highly privi¬ 
leged “trusted code” to perform 
system-level services (such as memory 
allocation) for applications. An inter¬ 
level call is possible, provided that 
the selector portion of the far-call 
address points to a control descriptor 
known as a call gate. Its format is 
similar to that of a segment descriptor 
(see figure 2), but the base field con¬ 
tains a 16-bit selector instead of a 24- 
bit base address, and the limit field 
contains the offset of the entry point 
called. The call-gate DPL must be the 
same as the calling-segment CPL, or a 
protection exception occurs. 

When the hardware determines 
that the target address refers to a call 
gate and not,a memory segment, it 
performs an additional level of ad¬ 
dress translation. The selector and off¬ 
set from the original call instruction 
are replaced with the corresponding 
values from the call gate (note that 
the original offset value is ignored), 
and a modified address generation 
process is performed with the new 
values. This second process follows 
the same steps as the first, except that 
the privilege checking is relaxed: no 
exception is generated if the target 
segment is at a more privileged level 
than the segment issuing the call. 
However, calls to less privileged lev¬ 
els still are not allowed. 

The overall process of transfer 
through a call gate is illustrated in fig¬ 
ure 5. Here, the call gate is shown 
with a selector to its own descriptor 
table, but it could equally well refer 
to the other table. Besides the capa¬ 
bility of performing privileged ser¬ 
vices from the applications level, this 
mechanism provides two additional 
benefits. First, it ensures that less 
trusted code cannot be used to pro¬ 
vide services for (which implies writ¬ 
ing data into) more privileged seg¬ 
ments. Second, because the call gate 
hides the entry point in memory inac¬ 
cessible to the calling program, it 
ensures that execution transfers to a 
valid entry point in tlie more privi¬ 
leged segment, not to mid-procedure 
or, worse yet, to mid-instruction. 

—TM 
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TECHNOLOGIES INC. 


THE IMPROVED VGA 


Extending across barriers of graphics incompatabilities, ATI 
introduces a VGA improved performace card - VIP. 

VIP delivers the IBM PS/2 VGA standard to IBM PC/XT/AT 
and Model/30 users, providing an upgrade path to the 

outstanding world of VGA _ 

graphics. Tatally compatible ; 

with the ATI EGA WONDER, : 1 

users have the unique ability to 

display EGA, Color/Graphics 

and Hercules software on 

monochrome, RGB and EGA. 

• Compatible to IBM Video 
Graphics Array (VGA). All 17 modes. 

• Runs EGA/CGA/Hercules & 132 column software on IBM 
PS/2 Anolog\ Multisync, EGA, RGB, TTL Monochrome, 

PC Portable, Compaq Portable^ monitors. 

• Softsense automatic mode switching. 

• Automatic analog monitor detection 

• High resolution 800 x 560 graphics for ® ^ 

Multisync monitors with 
drivers 
supplied for 
Windows. Gem, 

Ventura, Autocad. £7?SIT!7!S^TS^eTTT¥f7FSl 


Call today at (416) 756-0711 for more 
information. 

’ 132 Colums not available on IBM PS/2 Analog Monitors 
2 Compaq via optional Compaq Expansion Module 

'Tlrademarks: IBM. PS/2. Model 30. VIDEO GRAPHICS 
ARRAY. VGA. EGA. CGA. MDA - International Business 
Machines Corp.: HERCULES - Hercules Computer 
Technologies Inc.: Multisync - NEC Home Electronics Corp.: 
COMPAQ - Compaq Computer Corp.: WINDOWS - microsoft 
Inc.: GEM - Digital Research Inc.: VENTURA - Xerox Corp.: 
AUTOCAD - Autodesk Inc. 


Technology you can Trust. 

ATI Technologies Inc. 
3761 Victoria Pairk Ave. 
Scarborough. Ontario, Canada MIW 3S2 
Tel.: (416) 756-0711 
Telex: 06-966640 Fax: (416) 756-0720 
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First we created 
the perfect color monitor. 
Then we changed it. 




Multisync II 

The world’s best-selling color 

monitor, now compatible with more 

X 

graphics standards than ever.A 








The idea behind the first MultiSync® color monitor was as simple 


as it was revolutionary: it would automatically adjust its scanning 

frequency to whatever graphics board it was connected to. From 
CGA and EGA to PGC and beyond. That, along with its brilliant 

800 X 560 resolution, made it the perfect color monitor no 
matter what system you used it with—from PC/XT/AT to Mac II to 
PS/2. It also made it the undisputed standard of the industry. 

So with all that going for it, why did we change it? Simply to 

make it better. MultiSync II has a sleek new cabinet, a smaller 
footprint, and easy-to-use front controls. IPs compatible with more 

graphics boards than ever—including MPA and Hercules. And it 

still gives you what no one else can offer at any price: NEC. 

The MultiSync II. Even though we changed it, it’s still the same. 

PC/XT/AT and PS/2 arc registered trademarks of the International Business Machines Corporation 

Perfect. For product literature or location of the nearest dealer, 

Mac II is a registered trademark of Apple Computer, Inc 

call 1-800-447-4700. For technical information call NEC Home 

Hercules is a registered trademark ol Hercules Computer Technology 

Electronics (USA) Inc. 1-800-NEC-SOFT. 

NEC IS a registered trademark of NEC Corporation 
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NEC monitor technology 


now looks t b^is ame in monochrome 


as it d 



color. Brilliant. 




Multisync GS 

First monochrome MiilliSync 
monitor, for greater compatibility 
In white, amber or green screen. 



The new MultiSync® GS takes compatibility into a new arena- 

monochrome—via the same brilliant technology that made our 

MultiSync color monitors the standard of the industry. MultiSync 

GS gives you a choice of three screen tints—white, amber or 

green—and the assurance that it will work perfectly with virtually 

any system you may be using, including PC/XT/AT and PS/2. 

That’s because it's compatible with all leading graphics standards, 

from MPA and Hercules to CGA, EGA, VGA and MCGA. 
MultiSync GS has a maximum resolution of 720 x 480 for crisp 

text and graphics, and a flat 14" screen for enhanced contrast and 
minimum glare. Best of all, it has one feature no one else can offer 
you at any price: NEC. 

So get the monitor that vividly displays the brilliance of 

MultiSync—in monochrome. The MultiSync GS. For literature or a 

PC/XT/AT and PS/2 are regialered trademarks of the Inlemalional Business Machines Corporation 


dealer call 1-800-447-4700. For technical details call NEC Home 

Hercules is a registered trademark ol Hercules Computer Technology 


Electronics (USA) Inc. 1-800-NEC-SOFT. 

NEC IS a registered trademark of NEC Corporation. 
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The most heralded feature of OSI2 is its 
support for multitasking—the ability to 
run multiple programs concurrently. 



STEVEN ARMBRUST and TED FORGERON 


icrosoft has clone well to set 
Operating SystenV2 (OS/2) 
apart from DOS with an ability 
to support multitasking. In a multitask¬ 
ing system, the operating system man¬ 
ages the microprocessor so that all the 
independent elements appear to be ex¬ 
ecuting simultaneously. Although various 
multitasking systems have been written 
for the Intel 8086 family that can op¬ 
erate in the processor’s real mc:)de, a 
protected-mode operating system such 
as OS/2 has a distinct advantage: the 
integrity, of the system can be guarded 
by the CPU. This additional protection, 
however, means that the programs 
are obligated to use the system’s for¬ 
mal methods for communicating with 
one another; OS/2 provides a cornu¬ 
copia of such communication methods. 

Three t\pes of multitasking are 
present in OS/2; sessions, processes, and 
threads. Sessions, the largest overall 
type, designate what appears on the 
screen and where input from the key¬ 
board is sent. Processes include pro¬ 
grams and their memory resources. 
Threads are individual multitasking ele¬ 
ments. Figure 1 illustrates the relation¬ 


ships among the three types of mul¬ 
titasking; table 1 lists the different func¬ 
tions in each element. 

The most visible benefit of mul¬ 
titasking in OS/2 is the Program Selec¬ 
tor (see “Enter OS/2,” Ted Mirecki, this 
issue, p. 52). It allows users to create, 
delete, and switch between multiple 
sessions. Developers are the primary 
beneficiaries of the other two types of 
multitasking: processes and threads. 
Through multitasking and the associ¬ 
ated communication functions, a devel¬ 
oper can design an application to in¬ 
crease performance as well as simplify 
the program design. 

SESSIONS 

A session, the highest level multitasking 
element, consists of one or more pro¬ 
cesses that use the same display screen 
and keyboard (sessions are also re¬ 
ferred to in Microsoft documentation as 
screen groups). For example, a user 
could start a word processor as one 
session, a spreadsheet as another, and a 
database program as a third. Each of 
these sessions displays information at a 
logical display and accepts input from a 
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MULTIPLE TASKS 



There are three entities in the OS/2 multitasking hierarchy. Sessions, the highest 
level, arbitrate use of the keyboard and screen. Only the foreground session may 
use these resources. Processes are programs (code and data loaded from an .EXE 
file) and any resources that are allocated by the program during execution. Each 
process can have one or more threads that independently execute. 


, TABLE 1: Tasking Functions 


FUNCTIONS 

DESCRIPTION 

SESSIONS 

DosSelectSession 

Select foreground session. 

DosSetSession 

Set session status. 

DosStartSession 

Start another session. 

DosStopSession 

PROCESSES 

Stop session started with DosStartSession. 

DosExecPgm 

Execute program as a child process; parent process can 
continue to execute. 

DosCWait 

Place current process in a wait state until a child 
process has terminated. 

DosExitList 

Maintain a list of routines to be executed when the 
current process ends. 

DosGetInfoSeg 

Get address of global information segment and process 
local information segment. 

DosGetPrioriu^ 
DosSetPriority 
DosPTrace 
DosSuspendTh read 

Get process or thread priority. 

Set priority of a child process or thread in current process. 
Interface to the OS/2 kernel for aid in program debugging. 
Temporarily suspend thread execution until 
DosResumeThread is called. 

Dos Res Li meTh read 

Restart thread previously stopped by DosSuspendThread. 

DosKillProcess 

THREADS 

Terminate process and return termination code to parent. 

DosCreateThread 

Create another thread of execution under current process. 

DosEnterCritSec 

Enter critical section of execution, temporarily preventing 
other threads in the current process from executing. 

DosExitCritSec 

Exit critical section of execution, reenabling other thread 
execution in the current process. 

DosExit 

Exit current thread. 


OS/2 provides API functions for the creation, control, and destruction of the three 
types of multitasking elements, which include sessions, processes, and threads. 


logical keyboard. When the user 
switches to a new session, OS/2 writes 
the new session’s logical display to the 
physical display and directs information 
typed at the physical keyboard to the 
session’s logical keyboard. 

The Program Selector (see “Enter 
OS/2”) uses standard OS/2 system calls 
to create and manipulate sessions. 
DosStartSession creates sessions, and 
DosStopSession destroys them. 
DosSetSession sets the operational 
characteristics of a session, and 
DosSelectSession chooses the session 
to be placed in the foreground (that is, 
displayed on the physical screen). 

PROCESSES 

Within each protected-mode session is 
one or more processes. A process is an 
instance of an executing program, plus 
all the resources used by the program. 
A session’s initial process is begun 
when the operating system starts the 
session, and other processes are started 
programmatically. For example, the 
protected-mode command interpreter, 
CMD.EXE, can be started as the initial 
process of a session. When the user 
types an external command, the com¬ 
mand interpreter calls DosExecPgm, 
naming the .EXE file representing that 
command. A new process, but not a 
new session, is created. 

A process’s resources include a 
process ID; a local descriptor table 
(LDT); and addresses of the process’s 
code, data, and stack segments. 

Whenever OS/2 starts a process, it 
loads the file containing the process’s 
code. The DosExecPgm call is used to 
start a new process. It is similar to the 
DOS EXEC function (interrupt 21, func¬ 
tion 4BH), except that under OS/2, par¬ 
ent and child processes can run con¬ 
currently. Under DOS, when a program 
invoked the EXEC function, the parent 
process waited in limbo until the child 
process completed. Under OS/2, the 
parent has the option of stopping until 
the child process completes, but it can 
also run in parallel, as shown in figure 
2. When the processes run in parallel, 
the parent process can call DosCWait at 
some later time to wait for the child 
process to complete. The parent can 
also call DosKillProcess in order to 
terminate the child process. 

THREADS 

Within each process is one or more 
threads. A thread is an execution path 
within a process and is the multitasking 
element managed by OS/2. 

When a process starts, only one 
thread exists. OS/2 starts this thread at 
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In DOS, the parent process must wait until the child process has terminated be¬ 
fore proceeding from an EXEC call. In OS/2, the parent can start a child process 
with DosExecFgm but cannot block its own execution. To synchronize with the 
child later, the parent can call DosCWait to wait until the child terminates. 


the entr\^ point of the program being 
executed by the process. This initial 
thread can start additional threads to 
gain more concurrency. Instead of in¬ 
voking a thread with an ordinaiy pro¬ 
cedure call, the initial thread uses the 
DosCreateThread call. This call speci¬ 
fies the address of the thread (for a 
call in C, this is the procedure name) 
and then initiates the procedure as a 
separate thread. Unless the procedure 
has been defined in a dynamic link li- 
braiy (DLL), the call does not load any 
program code from the disk (the pro¬ 
gram code was already loaded when 
the process was started). 

OS/2 supports as many as 255 sep¬ 
arate threads (255 per system, not per 
process or per session). The number 
that is allowed for an\^ particular system 
(from 16 to 255) can be set with the 
THI^EADS = entn' in the CONFIG.SYS 
file. For each thread, OS/2 maintains a 
thread priority, a stack, a processor 
state (copies of all the processor regis¬ 
ters), and a thread state (blocked, 
ready, or active). All other resources 
are owned by a process and, thus, are 
shared among all threads in that pro¬ 
cess. For example, if one thread opens 
a file and obtains a file handle, another 
thread in that process can use the file 
handle to access the file. 

Although OS/2 is a multitasking 
operating system, it has access to only 
one microprocessor; therefore, only 
one thread can be executing at any one 
time. The other threads are either 
ready to execute or blocked. When the 
OS/2 scheduler determines that a new 
thread should run, it saves the contents 
of all the processor registers into the 
processor state area for the old thread. 
The scheduler then loads the registers 
from the new thread’s processor state. 
This enables the new thread to con¬ 
tinue just where it left off the last time 
the thread was interrupted. 

This saving and restoring of pro¬ 
cessor registers has a serious deficiency 
when OS/2 is run on 80386-based com¬ 
puters, because it applies only to the 
16-bit registers available in the 80286. 

If OS/2 runs on a 32-bit 80386-based 
computer, it does not save the ex¬ 
tended portions of the 32-bit registers, 
even though user code is otherwise 
free to use 32-bit 80386 instructions. 

For example, in an 80386-based 
computer, suppose thread A performs a 
32-bit operation in order to add the 
EBX register to the contents of the EAX 
register. Now suppose thread A is pre¬ 
empted by thread B, which proceeds to 
subtract EAX from itself, thereby setting 
the entire 32-bit register to 0. When 


thread A is restored, its 16-bit AX regis¬ 
ter is restored, but not the upper 16 
bits, which remain set to 0. Therefore, 
thread A has been corrupted. This 
problem prevents OS/2 from being 
used with any application that has been 
designed to use 32-bit instructions. 

Processes can have multiple 
threads running the same code. This is 
done by iiivoking DosCreateThread 
multiple times with the same start ad¬ 
dress. Each of the threads will have its 
own stack, but because the threads 
have access to the same memoiy, they 
must take precautions when using static 
variables and data structures. Mecha¬ 
nisms for intertask communication, 
such as IlAJVl semaphores, can be used 
to prevent other threads from accessing 
these common areas until the first 
thread is finished. In addition, a thread 
about to execute a critical section of 
code can call DosEnterCritSec to pre¬ 
vent all other threads in the process 
from executing until the thread calls 
DosExitCritSec. Since DosEnterCritSec 
does not prevent threads in other pro¬ 
cesses from running, this command is 
not an appropriate method for inter¬ 
process synchronization. 

The DosSuspendThread call and 
the DosResumeThread call can be used 
by a thread to suspend and resume 
execution of another thread in the 


same process. DosGetPriority and 
DosSetPriority can be used to get or 
set the priority of a thread. 

SCHEDULING THREADS 

Because only one thread at a time can 
be executing in the system, OS/2 uses a 
preemptive, priority-based approach for 
determining which thread will be run¬ 
ning at any given time. When created, 
each thread is assigned a priority class 
as well as a priority number. This com¬ 
bination determines the overall priority 
of the thread. At all times, the highest 
priority ready-to-run thread has access 
to the processor. When the highest pri¬ 
ority thread becomes not ready (when 
it is waiting for I/O, when it puts itself 
to sleep for a while with the DosSleep 
call, when it is waiting to synchronize 
with another thread, or when its time 
slice expires), OS/2 gives the processor 
to the next highest priority ready-to-run 
thread. When a higher-priority thread 
becomes ready again (when the I/O 
operation finishes, when its sleep time 
is over, or when it receives synchroni¬ 
zation from another thread), the 
lower-priority thread relinquishes con¬ 
trol of the processor. 

OS/2 uses time-slicing to ensure 
that threads of equal priorities all have 
a chance to run. The time-slice value, 
specified with the TIMESLICE entry in 
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the CONFIG.SYS file, designates how 
long OS/2 will allow a thread to con¬ 
tinue running before checking the 
readiness of other threads. The mini¬ 
mum time-slice value is approximately 
31 microseconds, which is the resolu¬ 
tion of the system clock. If threads hav¬ 
ing higher priority are ready to run at 
the end of each time slice, one of 
those will gain access to the processor. 
In addition, if any other threads of 
equal priority are ready to run, OS/2 
preempts the current thread and gives 
the next such thread access to the pro¬ 
cessor for its time slice. If no other 
threads of equal or higher priority are 
ready to run, OS/2 gives control of the 
processor back to the original thread. 

This preemptive nature of OS/2 
means that an application can relin¬ 
quish control of the processor in two 
general ways. It can do so explicitly by 
calling an operating system service 
(such as waiting at a queue or putting 
itself to sleep). A thread can be forcibly 
preempted by OS/2 when its time slice 
expires and a thread with a higher pri¬ 
ority is ready to run. 

If no other thread wants the pro¬ 
cessor, interrupting a thread doing use¬ 
ful work would waste CPU cycles. To 
moderate the overhead from schedul¬ 
ing, an option is available in the 
CONFIG.SYS file to reduce the fre¬ 
quency of time-slice interruptions con¬ 
ditionally. The TIMESLICE entry has 
two parameters (TIMESLICE = x,y). The 
first parameter is the length of a 
thread’s initial time slice. The second is 
the maximum time slice permitted. If a 
thread uses its entire time slice without 
being preempted by a higher priority 
thread, OS/2 increases its time slice by 
one clock tick. This continues up to the 
maximum time slice value. 

Thread priority has three classes, 
each of which has 52 priority levels (0 
through 31). The highest priority class 
is the time-critical class. All the threads 
in this class are of higher priority than 
the threads in the other two classes. 
Typically, the threads in this priority 
class would be those that handle time- 
sensitive areas, such as servicing high¬ 
speed data communications devices. 

The next highest class is the regu¬ 
lar class (also called the normal class 
in some of the Microsoft documenta¬ 
tion). This class is used by most of the 
application programs and OS/2 com¬ 
mands invoked from the keyboard. 

By default, OS/2 provides addi¬ 
tional scheduling features within the 
regular class to ensure that all the 
threads in the class get a chance to 
run. Associated with the regular class is 


a maximum wait value (specified in 
units of seconds by the MAXWAIT entry 
in the CONHG.SYS file). This value 
specifies the maximum amount of time 
that a thread can wait before it gets a 
chance to run. When the MAXWAIT 
time expires for any thread, OS/2 gives 
the thread a priority boost for one time 
slice. After the thread runs for one 
time slice, its priority reverts to its pre¬ 
vious value. The user can disable this 
priority-boosting feature by placing the 
entry PRIORITY = ABSOLUTE in the 
CONFIG.SYS file. 

The lowest priority class is the 
idle-time class. Threads in this class do 
not run unless no threads in either of 


hen the MAXWAIT time 


expires for any thread in 
operation, OS/2 gives the 



one additional time slice. 


the other two classes are ready to run. 
The idle-time class is typically used for 
programs such as print spoolers, auto¬ 
matic disk back-up programs, or any 
other background-running program. 

DIVIDING APPUCmONS 

Although three levels of multitasking 
entities—sessions, processes, and 
threads—can be created, it is not al¬ 
ways clear how to divide a single appli¬ 
cation into these elements. Should an 
application consist of a single session 
with a single process and multiple 
threads? Should there be multiple pro¬ 
cesses with one or more threads in 
each? Or, should the application consist 
of multiple sessions? 

These questions are not answered 
easily, but programmers can follow 
some of these guidelines: 

• Rarely will an application need to be 
divided into multiple sessions. The 
only obvious example of a program 
that needs to create multiple sessions 
is OS/2’s Program Selector, which 
creates a shell for invoking multiple 
applications. Even OS/2’s Presentation 
Manager will consist of a single ses¬ 
sion, because it allows multiple pro¬ 
grams to share the same screen. 

• Multiple processes are appropriate if 
an application has multitasking ele¬ 
ments with a high degree of indepen¬ 
dence or those that need to be pro¬ 


tected from one another. For exam¬ 
ple, a database management applica¬ 
tion could be divided into a user in¬ 
terface process that handles requests 
and a background transaction process 
that supervises the database. This ar¬ 
rangement allows the user interface 
process to be started, stopped, or 
killed (for example, through Ctrl- 
Break) without compromising the in¬ 
tegrity of the database. 

• If there are many small components 
that execute for only a short period 
of time, multiple threads are a better 
solution than multiple processes be¬ 
cause process creation carries a 
larger overhead than thread creation 
carries. Creating a process involves 
loading an .EXE file and then creating 
the OS/2 kernel data structures such 
as the LOT The procedure for creat¬ 
ing a thread is much quicker. 

• If there are multitasking elements 
that need to be tied together as 
closely as two procedures are, they 
should be assigned as multiple 
threads in a process. Threads in the 
same process can typically share data 
with much less overhead than threads 
in different processes. 

• A separate thread can be used for 
performing any operation that would 
block a process when there is useful 
work to do. For example, a new 
thread could be created to open a 
file, which will typically block while 
the disk is accessed to find the file. 
Meanwhile, the original thread could 
perform other work while the new 
file is being opened. 

INTERPROCESS COMMUNICATION 

In any multitasking system, mechanisms 
must be available for the independent 
elements to synchronize and communi¬ 
cate with each other. In OS/2, each 
thread runs as if it owned the entire 
processor. However, threads often need 
to pass information to one another or 
to make certain that one thread has 
completed its operations before an¬ 
other thread starts operation. These 
mechanisms are especially useful be¬ 
tween threads in different processes, 
because processes are normally iso¬ 
lated from each other by virtue of the 
processor’s protected mode. 

OS/2 provides the following inter¬ 
process communication (IPC) mecha¬ 
nisms: semaphores, pipes, shared mem¬ 
ory, queues, and signals (see table 2). 

In most cases, IPC requires the pro¬ 
cesses to agree upon the names and 
locations of the resources. Therefore, 
the processes must be designed and 
coded specifically to communicate with 
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WELCOME fO 
or SERIOUS 4GL/ 


ZIM, the Fourth-Generation Language/Data- 
base Management System that has set new 
standards in Power, Performance, Productivity 
and Portability welcomes you to the ZIM world 
of serious application development. 

ZIM 3.0 is the most comprehensive 4GL tool 
available today, offering complete micro-to- 
mainframe portability (with no code changes), 
performance optimized in each operating en¬ 
vironment, multi-user, extensive import/export 
capabilities, rapid prototyping, complete de¬ 
bugging facilities, nested assignment ex¬ 
pressions, CASE tools, SQL, multi-level security, 
report painting and more. All in a comprehen¬ 
sive procedural language that permits every¬ 
thing from simple queries through to complex 
database operations and provides capabilities 
for comprehensive data extraction, manipula¬ 
tion and presentation. 

To be useful, an application development tool 
has to provide maximum flexibility, perform¬ 
ance and productivity—regardless of the nature 
of the application. ZIM has it NOW! 

PORTABIIITY: Complete micro-to-mainframe 
portability means applications can be devel¬ 
oped on PC's and immediately implemented in 
the client environment with no code changes. 
Our growing list of compatible operating en¬ 
vironments encompasses the world of serious 
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technology: single user MS-DOS, MS-DOS net¬ 
works, Novell networks, QNX, UNIX, XENIX, 
VAX/VMS and VM/CMS. 

DEVEIOPMENT ASSISTANT: ZIM/DA (ZIM's 

development assistant companion product) is a 
key element in ZIM's productivity and CASE 
offerings. ZIM/DA is comprised of an applica¬ 
tion generator, menu generator, active and com¬ 
prehensive data dictionary, report painter, code 
editors and context-sensitive help. ZIM/DA 
permits remarkably fast transition from pro¬ 
totype to finished application. 

THE ZIM lANGUAGE: Time is money. It shouldn't 
be spent writing endless lines of code or worse, 
tying up expensive mainframe systems. The 
ZIM language, based on the entity-relationship 
(E-R) model, provides the power that serious 
application developers demand. Compare a 
typical SQL command and the ZIM equivalent; 

SQL: 

SLEfZT * 

FROM WO^ONTAB, PROJECT EMPLOYEES- 
WHERE WORKONTAB.BNUM-^PLaYKS.ENUM- 
AND WORKONTABJNUM=PROJECtS.PNUM- 
AND PROJNA^^=^^LPHA' 

ZIM: 

LIST ALL EMPLOYEES WORKON PROJEQS WHERE 
PROJNAAS^^/mA' 


DEBUGGING: ZIM's active data dictionary plays 
an integral role in reducing debugging time. 
Use the PARSE command to verify coding ac¬ 
curacy and context. Singlestep execution aids in 
debugging. 

POWER: ZIM is rich in powerful features and 
functions such as: 

• Al-based access strategy analyser. 

• Unsurpassed computational abilities, includ¬ 
ing CASE expression which handles with 
ease the 'step' functions found in real-world 
business applications. 
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• Natural multi-user features including user- 
defined transactions, roll-back, audit trails 
and roll-forward. 

• Complete code-data independence. 

• Exceptional text-handling capabilities. 

• Unlimited forms manipulation and report¬ 
writing capabilities. 

• Multi-lingual applications (French, German 
etc.) 

SECURITY: ZIM's multi-level security features 
include log-in, passwords, permission-based 
access to entity sets, relationships and fields 
and encryption/decryption of entity sets and re¬ 
lationships. 

VIRTUAl FIEU^: ZIM's unique virtual fields ca¬ 
pability allows you to easily implement com¬ 
posite or concatenated keys, derived or com¬ 
puted fields, soundex indexes, etc. 

IMPORT/EXPORT: ZIM masters the importing 
and exporting of screens and data to and from 
word-processing, spreadsheets and provides 
superlative forms composition through laser 
printers. ZIM applications already in use have 
saved millions of dollars through the reduction 
and/or elimination of paper forms. 

ZIM is supported by an ever-growing family of 
companion products like Niva's Guide to 
ZIM (the authoritative guide from introductory 
to expert levels), the ZIM Compiler to ensure 
the highest level of performance of your ZIM 
application, a Program Language Inter¬ 
face permits "C" access to ZIM databases, 
ZIM-ISQL allows queries based on SQL syn¬ 
tax, Runtime and Query Runtime systems 
and ZIMPLE, an add-on module that permits 
easy use, allows end-users to create their own 
simple applications, ad hoc queries or paint 
their own reports (used with ZIM or Query 
Runtime). 


And you'll be supported too! Zanthe's Priority 
Support program includes first-rate telephone 
technical support, free updates, new versions 
and periodic technical bulletins. Code Review 
and Training services are available for all lev¬ 
els of ZIM users. 

Around the world, from Australia to Europe, 

ZIM Service Centers and Distributors 

stand ready to supply and assist any ZIM user. 

Already an integral part of data management in 
national governments, international banks, fi¬ 
nancial corporations and thousands of other 
applications ZIM welcomes you to the world of 
serious application development. . 



Zanthe Information, Inc. 

1200-38 Antares Drive 
Nepean, Ontario K2E 7V2 

U.S. 800-267-9972 
Canada 613-727-1397 


ZIM IS a registered trademark of Zanthe Information Inc. VAX and VMS are registered trademarks of 
Digital Equipment Corp. UNIX is a registered trademark of AT&T Bell Laboratories, XENIX and MS-DOS 
are register^ trademarks of Microsoft Corpu QNX is a registered trademark of Quantum Software 
Systems Ltd. VM/CMS is a registered trademark of IBM Corpi © 1987 Zanthe Information Inc. 



ZIM DEHNES WORID CUSS 


AnsfralNi 

Clarify Financial Services Software 
20th Floor 

Royal Exchange Building 
56 Pitt Street 
Sydney, Australia 2000 
Ms. Marie Musumeci 
011.61-2-241-3385 

United Computer Group 
45 Albert Street 
Abbotsford, Victoria 
3067 Australia 
Mr. Mike Guttmann 
011-61-3429-3111 

Brazil md Argeotiaa 

Matix' Com.Imp.e Exp.de Livros 
Tecnicos 

Rua Jose Dos Santos Jr. #207 

CEP 04609 

Soo Paulo, Brazil 

Mr. Jose DeSouzo 

011-55-11-241-6264 


Coondfl 

Integratech 
19 Le Royer #301 
Montreal, P.Q. 
H2Y1W4 
Canada 

Mr. Daniel LaRocque 
514-842-9208 


Choreo Systems Inc. 

28 Monkland Avenue 
Ottawa, Ontario 
KIS 1Y9 
Canada 

Mr. John Lugsdin 
613-238-1050 

Rmce 

Syncrolog S.A. 

52-54 Rue des Entrepreneurs 
75015 Paris, France 
Mr. Pierre Marcel 
011-33-1-45758054 

GefOMoy 

Soft Systems GmbH 
Wilhelm-Leuschner, Str. 255 
D-6103 Griesheim 
West Germany 
Mr. Peter Geier 
011-49.61-55-62004 

Greece 

Unitech 

255 Singrou Avenue 

171 22, Athens 

Greece 

Mr. Tsakiridis 

011-30-1-9430632-3 


Holy 

Top Computer 
Via Covalcovia 
55-47023 
Cesena Italia 
Mr. Franco Faberi 
011-39-547-22359 

Norwoy 

Data 2000 
Box 178 
1371 

Asker, Norway 
Mr. Nils Hougen 
01147-2-78-5848 

Siritieihwd 

Tanver S.A. Engineering 
& Data Systems 
52, ov. d'Ouchy 
CH-1006 Lausanne 
Switzerland 
Mr. Marc Deschamps 
011-021-277527 

Technosoftware AG 
Rothockerstrosse 13 
CH 5702 

Niederlenz, Schweiz 

Switzerland 

AAr. Markus Luthard 

011-41-64-519040 

llaiayiio 

Microcomputer Center 

No. 70 Jalan 5521/39 Da Auth 

Utama Petaling Java 

Malaysia 

Mr. MF Leong 

011-60-3-718-8332 


United Kingdom ^ 

Xitan Ltd. 

27 Salisbury Road 
Totton, Southampton 
S04 3HX 
England 

Mr. Simon Frank 
011-44-703-871211 

United Stotes 

Signature Computer Systems 

1634 Thompson Avenue 

Glendale, CA 

91201 

U.SA 

Mr. John Nessen 
818-241-0619 

Unipress Software 
2025 Lincoln Highway 
Edison, NJ 
08817 
U.SA 

Mr. Fred Pack 
201-985-8000 

Lamda Micro Systems Inc. 

Ill John Street 
New York, NY 
10038 
U.SA 

Mr. Dean Kyriakos 
212-349-2432 

Systems Marketing Group 
5433 Tree Line Drive 
Centerville, VA 
22020-1651 
U.S.A. 

Mr. Larry Olson 
703-631-5083 


ZANTNE INFORMATION, INC. 


1200-38 Antares Drive, Nepean, Ontario K2E 7V2 
U.S. 800-267-9972 Canada 613-727-1397 






























MULTIPLE TASKS 


each other. The exception is the pipe, 
which allows transparent communica¬ 
tion modeled after file I/O. 

SEMAPHORES 

Semaphores are simple objects that 
threads can use to coordinate access to 
resources or to synchronize with one 
another. Semaphores have two states: 
owned and not-owned (or, depending 
on how they are used, set and cleared). 

To coordinate access to resources 
(such as a sensitive area of data), a 
semaphore can represent ownership of 
the resource. To do this, all threads 
must adhere to the convention that be¬ 
fore any thread can access the critical 
resource, it must first request owner¬ 
ship of the semaphore by means of the 
DosSemRequest call. If it is not owned 
when DosSemRequest is issued, the is¬ 
suing thread becomes the owner and 
can use the resource at will. When the 
owning thread finishes using the re¬ 
source, it calls DosSemClear in order 
to release the semaphore. 

If a thread calls DosSemRequest to 
request a semaphore that is already 
owned, one of three tilings can happen 
(depending on the options the thread 
specified in the call): the call can wait 
forever for the semaphore to become 
clear; it can wait a specified number of 
milliseconds; or it can not wait at all. 

In the first case, the thread is put on 
hold until the semaphore becomes 
available. In the second case, if the 
semaphore becomes available in the 
specified amount of time, the calling 
thread becomes the owner of the sem¬ 
aphore. Otherwise, the call returns 
without gaining ownership of the sema¬ 
phore. In the third case, the call re¬ 
turns immediately, indicating if the 
semaphore is currently owned. 

Multiple threads can request own¬ 
ership of the same semaphore. If the 
threads choose to wait (instead of re¬ 
turning immediately), the ones that do 
not immediately gain access to the 
semaphore continue to wait until the 
owning thread releases the semaphore. 
When this happens, the waiting threads 
are dispatched again, and the highest- 
priority waiting thread becomes the 
new owner, even if a lower-priority 
thread has been waiting longer. The 
other threads continue waiting. If 
equal-priority threads are waiting, the 
thread that has been waiting the long¬ 
est becomes the new owner. 

Using a semaphore to represent 
ownership of some resource enables 
threads to read or write sensitive data 
areas without fear that other threads 
will interrupt tliem before they finish. 


TABLE 2: Communication Functions 


FUNCTIONS 

DESCRIPTION 

SEMAPHORES 

DosCreateSem 

DosOpenSem 

DosCloseSem 

Create a system semaphore. 

Open an existing system semaphore. 

Close a system semaphore. 

DosSemRequest 

DosSemSet 

DosSemClear 

Obtain ownership of a semaphore. 

Set an owned semaphore. 

Unconditionally clear (or releases) a semaphore. 

DosSemSetWait 

DosSemWait 

DosMuxSemWait 

Set a semaphore and wait for it to be cleared (blocks 
the current thread until the next DosSemClear occurs). 
Wait for a semaphore to be cleared. 

Wait for one of a number of semaphores to be cleared. 

PIPES 

DosMakePipe 

Create a pipe. 

SHARED MEMORY 

DosAllocShrSeg 

DosGetShrSeg 

DosAllocSeg 

DosGiveSeg 

Allocate a shared memor>^ segment (named) to a process. 
Enable a process to access a named shared memory 
segment allocated by another process. 

Allocate a segment of memory. 

Give access to a segment. 

QUEUES 

DosCreateQueue 

DosOpenQueue 

DosWriteQueue 

DosReadQueue 

DosPeekQueue 

Create a queue. 

Open a queue for the current process. 

Add an element to a queue. 

Read and remove an element from a queue. 

Retrieve but do not remove an element from a queue. 

DosQueiyQueue 

DosPurgeQueue 

DosCloseQueue 

Return the size (number of elements) in a queue. 

Purge a queue of all elements. 

Close a queue. 

SIGNALS 

DosSetSigHandler 

DosFlagProcess 

DOvSHoldSignal 

Define a routine to handle a signal. 

Set a process external event flag in another process. 

Disable or enable signal processing for current process. 


The OS/2 abundance of interprocess and thread communication functions pro¬ 
vides a good simplicity-versus-performance trade-off for many applications. 


Suppose that one thread gathers infor¬ 
mation about the positions of aircraft 
and records their x, y, and z coordi¬ 
nates in a database. Another thread 
reads the database and displays the air¬ 
craft positions on a screen. Without a 
semaphore guarding the database, the 
thread that writes the coordinates 
could write an airplane’s and y coor¬ 
dinates but then could be interrupted 
by the reading thread before updating 
the z coordinate. If this happened, the 
display produced by the reading thread 
would not represent the airplane’s ac¬ 
tual position. The same sort of situation 
could happen if the reading thread was 
interrupted before it read all three 
coordinates. Using semaphores, each 
thread requests ownership of the sema¬ 
phore before reading or writing the 
database. Each would clear the sema¬ 
phore after accessing the database to 
give other threads a chance in order to 
use or modify the data. 


Another use of semaphores is syn¬ 
chronizing thread activities. In this situ¬ 
ation, a semaphore can be either set or 
cleared. For example, suppose a pro¬ 
cess consists of an initialization thread 
plus several other threads. The initiali¬ 
zation thread must run first in order to 
set up the data structures needed by 
the other threads. After it completes 
those activities, however, all the other 
threads are free to run. 

To manage this activity, the initiali¬ 
zation thread would call DosSemSet to 
set the semaphore. This would desig¬ 
nate that the initialization activity was 
still under way and that the other 
threads could not run. When the initial¬ 
ization thread completed its activity, it 
would call DosSemClear in order to 
clear the semaphore. 

The other threads that depend on 
the initialization thread to finish its ac¬ 
tivities would call DosSemWait before 
doing aitything else. This call causes 
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Before starting one or more threads, a master thread sets a semaphore to indicate 
that initialization is not complete. The other threads call DosSemWait to wait for 
the “initialization complete” indication. Once the master thread has finished ini¬ 
tialization, it clears the semaphore; all of the other threads are now able to run. 


the tlireads to wait until the semaphore 
is cleared before proceeding. Like the 
DosSemRequest call, DosSemWait al¬ 
lows the threads to wait forever, for a 
specified period of time, or not at all. 
Unlike the DosSemRequest call, all the 
waiting threads are notified when the 
semaphore is cleared, not just the first 
thread on the waiting list. In addition, 
the DosSemWait call does not transfer 
ownership of tlie semaphore when the 
semaphore is cleared. Figure 3 illus¬ 
trates the use of semaphores in syn¬ 
chronizing thread activities. 

Two additional OS/2 calls are avail¬ 
able for use with semaphores in syn¬ 
chronizing the activities of threads. 
DosSemSetWait is like DosSemWait ex¬ 
cept that it sets the semaphore first be¬ 
fore waiting for it to be cleared. This 
call can be used if the waiting thread 
knows that the thread it is waiting for 
will not get a chance to run first. It 
guarantees that the semaphore will be 
set so that the thread can wait for an¬ 
other thread to clear the semaphore. 
The other call, DosMuxSemWait, is also 
similar to DosSemWait, but it enables a 
thread to wait until any one of a num¬ 
ber of semaphores is cleared. 

OS/2 defines two kinds of sema¬ 
phores, sy^stem semaphores and RAM 
semaphores. System semaphores are 
used for communication betw^een 
threads in different processes. RAM 


semaphores are used by threads in the 
same process. The difference between 
the two is in how they are created and 
accessed, but system semaphores also 
provide a few more features. 

In a single process, threads can 
share memor\^; therefore, threads do 
not need to perform a complicated 
procedure to create a semaphore. In¬ 
stead, a double-word can be defined as 
the location of the semaphore and ini¬ 
tially set to zero (meaning cleared and 
unowned). Threads then use the ad¬ 
dress of that double-word as the sema¬ 
phore’s handle in calls that manipulate 
the semaphore. For example, if a 
thread wants to establish ownership of 
the I^AM semaphore, it simply calls 
DosSemRequest and specifies the ad¬ 
dress of the double-word representing 
that particular semaphore. 

The use of RAM semaphores de¬ 
pends on threads being able to access 
the memoiy containing the semaphore. 
When two threads are in different pro¬ 
cesses, they cannot access each other’s 
memor)^ unless they explicitly cooper¬ 
ate to share a memor)' segment. Thus, 
a different mechanism must be used. 

System semaphores use a named 
approach for creating and accessing 
semaphores. This mechanism is almost 
exactly like the one used for creating 
and accessing named files. To create a 
system semaphore, a thread calls 


DosCreateSem and gives an ASCII 
name. In response, OS/2 returns a han¬ 
dle that the thread can use in other 
calls to manipulate the semaphore. 

When other threads want to use 
the system semaphore, they must first 
call DosOpenSem, specifying the ASCII 
name of the semaphore. If the sema¬ 
phore is available, OS/2 returns a han¬ 
dle they can use for other semaphore 
calls. When a tliread finishes with a sys¬ 
tem semaphore, it calls DosCloseSem 
to close the semaphore. When all 
threads that used a system semaphore 
close it, OS/2 automatically deletes the 
semaphore. Figure 4 shows how two 
processes can use a system semaphore. 

OS/2 maintains a directory to keep 
track of system semaphores. This direc¬ 
tor}^ is called SEM and is kept in mem- 
or}' rather than on disk. Whenever 
tlireads refer to system semaphores by 
name, they must include tlie \SEM\ as 
part of the name, just as in I/O calls a 
full path name is often used. Thus, the 
format of a system semaphore name is 

\SEM\NAME.EXT 

where the rules for defining NAME.EXT 
are die same as the rules for defining 
the names of files. 

Although a RAM semaphore placed 
in shared memory might seem to offer 
the same functionality as the system 
semaphore, some subtle differences 
can become important. OS/2 maintains 
information about the current owner of 
a system semaphore. If a process exits 
and still owns a system semaphore, 

OS/2 will notify any threads in other 
processes that are waiting on that sem¬ 
aphore by waking them and returning 
an error code indicating that the sema¬ 
phore owner has exited. The RAM sem¬ 
aphores gain their simplicity by forgo¬ 
ing this safety mechanism. 

PIPES 

Pipes are another kind of object that 
threads in different processes can use 
to communicate with one another. A 
pipe is simply an area of memoiy used 
to store data—a circular buffer that is a 
RAM substitute for a file. Figure 5 illus¬ 
trates the use of a pipe. 

Using a pipe is ver\^ much like 
using a file. One thread writes informa¬ 
tion to a pipe using ordinary I/O calls, 
and another thread reads the informa¬ 
tion, again using ordinan^ I/O calls. 
Often, threads that communicate via 
pipes are not even aware that they are 
using pipes instead of files. 

A thread creates a pipe by calling 
DosMakePipe and specifying the size of 
the pipe desired. A pipe is limited in 
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"The Breakthru 286 performed flmvlessly with every appli¬ 
cation we handed it, including copy-protected programs and 
nine memory-resident utilities at one." 

Stephen Manes, PC Magazine 

"...the Breakthru 286 was the card of choice." 

PC BusinesSoftwareview (Rated #1) 


"...Breakthru 286 is a good value and a qiudity product backed 
by effktive support." 

Dan A. Griffin 

The Newsletter of the AutoCAD Usei's Group 

"The PCSG Breakthru 286 achieved the best performance 
results of the caching boards tested." 

Ted Mirecki, PC Tech Journal (Rated #1) 


"The 12-MHz Breakthru 286-12 speedup board is the fastest 
of those tested, but not the most expensive. On a dollar per- 
horsepower basis, it could be called the cheapest boost availa¬ 
ble for an XT." 

Mark VSfelch, Infc*\brld (Rated #1) 


Think Need an AT? 

Make Your IBM PC Faster Than an AT in Just 5 Minutes! 


Accelerator Cards: Speed and Value 

Speed figures are consolidated results from 10 tests of 
CPU performance (See Accelerator Boards Special Report, 

December 1,1986.) 


Increase in speed 
over the Intel 8088 


Cost per percentage 
increase in speed 


□ Microspeed Fast 88 

$149 

□ Microsoft Mach 10 

$395 

□ Univation Dream Board 

$512 

□ Orchid Turbo EGA 

$945 

□ ST&D Standard 286 

$995 

□ Classic Speedpack 

$995 

□ Orchid PC-Turbo 286e 

$1,195 

□ Breakthru 286-12 

$595 


652«J 
79% I 


202H| 


$2.29 I 


$4J7| 


$3.551 
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Breakthru 286-8MHz-$395 
Breakthru 286-12MHz-$595 


LIGHTNING™-FREE with Breakthru 
speedup hardware—$89.95 purchased separately 


We are excited about our three speedup 
products. You probably know about our 
Lightning disk access speedup software 
that was awarded PC Magazine's Best of 
1986 award (see box). After the smashing 
success of Lightning, in late '86, we 


But, no speedup board cuts disk 
access time in half 

LIGHTNING 


software can - $89.95 or FREE w/Breakthru 


“Lightning is almost mandatory...” - 
Steve Manes, PC Magazine 
Best of 86 review 

Loads with the DOS ■ always ready as a background 
program to accelerate disk access. You do nothing 
• e\^rything is automatic. Programs that frequently ac¬ 
cess the disk (hard or floppy) are made instantly up 
to 2 to 4 times faster. Uses a principle greatiy enhanced 
from mainframe technology called caching. Fully ex¬ 
ploits Above Board memory. 

UCHTMNG is the standard against which 
all our competition measures itself because we achieve 
universal compatibility with other software. Data is 
never lost. Order UGHTMNG separately or get 
it free with your Breakthru 286 board. 


guaranteed the Breakthru 286 board to be 
literally the most advanced, fastest, most 
feature-rich board available. The runaway 
success it has enjoyed truly proved that 
assertion. Now we go ourselves one bet¬ 
ter with the Breakthru 286-12. This new 
board has the clock speed cranked up from 
8 to 12 MHz for speeds up to 10.2 times 
faster than an IBM PC. It is 50% faster than 
an 8MHz IBM AT, and up to a whopping 
1,000% faster than a regular PC. 

HERE'S WHY THESE TWO BOARDS 
ARE SO SPECIAL. 

First, they install so easily. A half-slot 
card means you don't even have to give up 
a full slot. Wiat's 
more, unlike 
competing 



products it works in the Compaq Portable 
and most clones. Easy diagrams show how 
you just place the card in an open slot, 
remove the original processor and connect 
a single cable. There is no software re¬ 
quired. From that moment you are run¬ 
ning faster than an AT. 

Second, they are advanced. The 
BREAKTHRU 286 replaces the CPU of the 
PC or XT with an 80286 microprocessor 
that is faster than the one found in the AT. 
Has a 80287 math coprocessor slot for' 
numeric intensive applications. A 16K 
cache memory provides zero-wait-access 
to the most recently used code and data. 
Speed switching software allows you to 
drop back to a lower speed on the fly for 
timing sensitive applications. 

Third, you have full compatibility. All ex- 
isting system RAM, hardware, and 
peripheral cards can be used without soft¬ 
ware modification. Our boards operate 
with LAN and mainframe communication 
products and conform to the Expanded 
Memory Specification (EMS). Software 
compatibility is virtually universal. 

Faster and smarter than an AT - PCSG 
guarantees it. 

Fourth, these are the best. There are 
several other boards on the speedup 
market. We at PCSG have compared 
them all, but there simply is no com¬ 
parison. Many cards offer only a marginal 
speedup in spite of their claims and others 
are just poorly engineered. 

We are really excited about these prod¬ 
ucts. PCSG makes the unabashed state¬ 
ment that the BREAKTHRU 286 card 
represents more advanced technology 
than boards by Orchid, Quadram, PC. 
Technologies, Phoenix...we could 
go on. Breakthru 286 is undis- 
putedly the turbo board with 
the biggest bang for the 
buck. And we include 
FREE the $89.95 ac¬ 
claimed Lightning 
software. Call today 
with your credit card or COD 
instructions and we will ship 
your card the very next day. 


Think A g ain. 


DON'T TAKE OUR WORD FOR IT. USE EITHER 
BREAKTHRU 286 SPEEDUP BOARD FOR 60 
DAYS. IF YOU ARE NOT TOTALLY SATISFIED 
SIMPLY RETURN IT FOR A FULL REFUND. 


PCROsALOOMFllTm SLIRTRTCfiaiP 


11035 Harry Hines Blvd. • Suite 206 • Dallas, Texas 75229 • (214) 351-0564 

CIRCLE NO. 223 ON READER SERVICE CARD 


































































MULTIPLE TASKS 


size to 64KB (minus 32 b\i;es for the 
pipe header). This means that the max¬ 
imum message that one thread can 
send to another via a pipe is 65,504 
b^tes. However, a pipe is a circular 
buffer. Therefore, once the reading 
thread reads some of the information 
from the pipe, the writing thread can 
continue writing data. 

In response to the DosMakePipe 
call, OS/2 returns two handles to the 
pipe: the read handle and the write 
handle. Threads can use ordinan^ I/O 
calls to access the pipe (DosRead to¬ 
gether with the read handle and 
DosWrite together with the write han¬ 
dle). If a thread attempts to write to a 
pipe and the pipe is full, the thread is 
suspended until another thread reads 
enough information from the pipe to 
enable the first thread s data to be writ¬ 
ten. Likewise, if a thread attempts to 
read a pipe and not enough data exist 
to satisfy the request, the thread is sus¬ 
pended until another thread writes 
additional information to the pipe. 
When a thread finishes using a pipe, it 
closes the pipe handles that are using 
the DosClose call. When no more open 
pipe handles are present, OS/2 auto¬ 
matically deletes the pipe. 

The typical use for pipes is for a 
parent process to create a pipe, use 
DosDupHandle to substitute the pipe 
handles for standard ones (such as 
stdin and stdout), and create child pro¬ 
cesses to use the handles. When a new 
process is created, it automatically in¬ 
herits the handles of its parents, so 
when the threads in the new processes 
read from stdin and write to stdout, 
they will automatically communicate via 
the pipe set up by their parent process. 

SHARED MEMORY 

OS/2 provides several calls that enable 
threads in different processes to share 
the same data segment in memoiy. 

One mechanism for sharing segments 
involves using the DosAllocShrSeg and 
DosGetShrSeg functions. These two 
fiinctions enable threads to access seg¬ 
ments by name, much as threads access 
system semaphores. DosAllocShrSeg 
causes OS/2 to allocate a shared seg¬ 
ment (up to 64KB in size) to the call¬ 
ing thread. The calling thread also spe¬ 
cifies a name for this segment, which 
OS/2 stores in a SHAREMEM director)^ 
in memoty^ As with semaphores, the 
names must follow the rules for file 
names. DosAllocShrSeg returns a selec¬ 
tor for the allocated segment. 

When a thread in another process 
needs to access the shared segment, it 
calls DosGetShrSeg, specifying the 


FIGURE 4: Using a System Semaphore 


PROCESS 1 PROCESS 2 



The first process that uses a system semaphore must create it. Subsequent users 
can open the semaphore using the agreed-upon name, in this case SEMI. After the 
last thread has closed the system semaphore, OS/2 deletes the semaphore. 



Pipes are read from and written to using standard OS/2 file I/O calls; this often 
makes their use transparent to the processes involved. The pipe is maintained in a 
memory segment as a circular buffer. When the writing process fills the pipe, it is 
blocked until the reading process has read some of the data from the pipe. 
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Ther^ 

Only One 
BlueC%) 
Company 

In¥3A. 


Visit us at Comdex Booth #1272 


I f you want your XTs™ and ATs® to run the same 
software as the new PS/2s™ down the hall, you’ll 
need VGA video controller boards that work just 
like the PS/2. Thje Blue, as it were, all the 
way down to the chips. 

But it isn’t 
easy being Blue. 
Just slapping 
a “VGA- 

compatible” label 
on a revamped EGA 
board may fool some folks 
some of the time, but it can’t fool PS/2 software 
that’s written to run on PS/2 hardware. 

“BIOS (software) compatibility” won’t cut it 
You’re going to have to have compatibility all the 
way down to the hardware register level. 

Only one company has VGA chips Blue enough 
to promise compatibility with any PS/2 software. 

Now, or in the future. And thats Paradise Systems. 

We’re the world’s largest supplier of add-in video 
controller boards and chip sets. Today there are more 
than I'A million of them working in PCs all over 
the world. 

We’re part of Western 
Digital, a half-billion 
dollar company with 
an impressive track 
record in the IBM- 
compatible marketplace. 

It was Paradise who 
introduced Automatic 
mode switching 
(Autoswitch™ EGA). We 
pioneered color simulation 
on monochrome monitors 
and automatic monitor 
detection (both now part of the 
PS/2 standard). And we were first to put EGA and all 
prior video modes on a single chip. 

Now, we’re bringing you the first truly 
compatible single-chip VGA products. And 
they work like IBM VGA hardware. So they’ll 
run any PS/2 software, exactly as it was 
intended to run. 

Well, okay, we did make our VGA a 
lot faster. And we added some higher 
resolution modes. And expanded the 
color capability. But you’d expect that fi'om 
the only Blue chip company in VGA 
Paradise Systems, Inc., 99 South 
Hill Drive, Brisbane, CA 94005. 
Telephone (415) 468-6692. 

Pparadisk 

AWestem Digital Company. 

© 1987 Paradise Systems, Inc. Autoswitch is a trademark of Paradise Systems, Inc. 
IBM, Personal Computer AT and XT and Personal System/2 are trademarks of 
International Business Machines Corp. 
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name of the shared segment it wishes 
to access. This name must include the 
direaoiy prefix NSHAREMEMV 

DosGetShrSeg returns a selector 
for the segment. This seleaor can dif¬ 
fer from the one received by the 
thread that created the segment, so 
threads should not pass the shared seg¬ 
ment seleaors as data to other pro¬ 
cesses. However, all selectors returned 
by DosGetShrSeg for the same shared 
segment refer to the same memory. 

For shared segments allocated with 
DosAllocShrSeg, OS/2 maintains an in¬ 
ternal reference counter that is incre¬ 
mented when the segment is allocated 
and each time DosGetShrSeg is called. 
When a thread finishes with the seg¬ 
ment and calls DosFreeSeg, the internal 
counter is decremented. When all 
threads have freed the segment (decre¬ 
menting the count to zero), OS/2 frees 
the segment and removes its name 
from the SHAREMEM direaory. 

Using the DosAllocShrSeg and 
DosGetShrSeg calls is a good way for 
multiple processes to access a single 
database. For example, in a spreadsheet 
program, the data that make up the 
worksheet portion can be kept in one 
or more shared segments. All the pro¬ 
cesses that need to access that work¬ 
sheet (spreadsheet, print, graph, and so 
on) will know the names of the seg¬ 
ments and use DosGetShrSeg to get 
selectors for them. Once they have the 
segment selectors, they can direcdy 
access the data. 

Shared segments can also be used 
to transfer data direcdy from one pro¬ 
cess to another. To perform this type of 
activity, a thread calls DosAllocSeg to 
allocate a segment of memory. This call 
does not place a name for the segment 
in the SHAREMEM directory, but a pa¬ 
rameter in the call designates that ^e 
segment can be shared. 

Once a thread has allocated a 
shared segment and placed information 
in that segment, it can share the seg¬ 
ment with another process by calling 
DosGiveSeg and specifying the process 
ID of the process that will be sharing 
the segment. DosGiveSeg returns some¬ 
thing called a recipient segment han¬ 
dle, which is simply a selector that the 
other process can use to access the 
segment. (The recipient’s selector will 
be different because the segments ac¬ 
cessible to each process are listed in its 
LDT, and each process uses a different 
IDT. Therefore, each process needs a 
selector that refers to its own LDT.) 

After calling DosGiveSeg, the 
thread has a selector that a thread in a 
different process can use to access the 


shared segment, but the thread still 
needs to let the other process know 
what that selector is. To pass the selec¬ 
tor of a shared segment to a thread in 
another process, another object, called 
a queue, is used. 

QUEUES 

A queue is simply a place that one 
thread can drop off a message to an¬ 
other thread, much like a post office 
box is a place where people can send 
messages to one another. Threads do 
not need to synchronize using queues, 
as they would when using pipes. In¬ 
stead, one thread simply sends a mes¬ 
sage to the queue for safe keeping and 
another thread requests the message 
later. Queues are useful for transferring 

Qs/ 2 queues use the same 
type of naming mechanism 
that is used by both the sys¬ 
tem semaphores and the 
shared segments. 


shared memory between processes, but 
threads in the same process can also 
use queues to exchange information. 

When a thread sends a message to 
a queue (and also when a thread picks 
up a message), no data are actually 
transferred. Instead, the queue stores 
the address of a segment containing 
the message. When two processes ex¬ 
change information, this segment is 
called a shared segment. 

Queues use the same type of nam¬ 
ing mechanism that system semaphores 
and shared segments use. A thread calls 
DosCreateQueue and specifies an ASCII 
name for the queue. OS/2 maintains 
this name in a memory-resident queue 
directory called QUEUES. 

The process that created the 
queue is the owner of the queue. Only 
threads in the owning process can re¬ 
ceive messages from the queue, purge 
the queue, or close the queue. Any 
thread can send messages to the 
queue. Again, this is analogous to a 
post office box, in which the box 
holder is the only one who can receive 
mail or cancel the box, but anyone can 
send mail to the box. 

Before a thread in another process 
can send messages to the q#ue, it 
must first open the queue. It does this 
by calling DosOpenQueue, and specify¬ 


ing the ASCII name of the queue. The 
name must include the directory name 
XQUEUESV DosOpenQueue, in re¬ 
sponse, returns a handle that the 
thread can use when invoking other 
queue calls and the ID of the process 
that owns the queue. Having this ID is 
important because, in order to send a 
message to another process, the thread 
must prepare a shared segment to con¬ 
tain the message. Before it can send 
the shared segment to the queue, it 
must also call DosGiveSeg to obtain a 
seleaor that the other process can use. 
DosGiveSeg requires as input the pro¬ 
cess ID of the process that will be 
sharing the segment. 

Once a thread opens a queue, it 
can send a message to it by calling 
DosWriteQueue and specifying the ad¬ 
dress of the message. As was men¬ 
tioned earlier, this address must be 
one that is accessible to the receiving 
process. Therefore, a thread that is in a 
different process than the queue must 
allocate shared memory and call 
DosGiveSeg to obtain a valid address 
before sending to the queue. 

Multiple messages can be sent to a 
queue; the order in which the mes¬ 
sages are stored in the queue depends 
on a parameter specified when the 
queue was created. Messages can be 
maintained in FIFO order (the first one 
sent is the first one received), in LIFO 
order (the last one sent is the first one 
received), or in priority order (in 
which the sending thread specifies a 
priority from 0 to 15). 

Any thread in the process that 
owns the queue can receive messages 
from it by calling DosReadQueue. This 
call removes a message from the queue 
and gives its address to the requesting 
thread. If no messages are being held 
in the queue, the thread can wait until 
a message is sent or it can return with¬ 
out receiving a message. Figure 6 illus¬ 
trates the use of a queue. 

Once the receiving thread has pro¬ 
cessed the message it removed from 
the queue, it is responsible for freeing 
the segment it obtained; this is done by 
using the DosFreeSeg call. 

Threads in owning processes can 
use additional calls. DosPeekQueue lets 
a thread read a message from the 
queue without removing the message. 
Using DosPeekQueue, a thread can 
browse through a queue for specific 
messages, then remove those messages 
firom the queue with DosReadQueue. 
The DosQueryQueue call returns the 
number of messages being held in the 
queue. The DosPurgeQueue call is 
used to purge a queue of all messages. 
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If you’re about to soup up your 
PC, XT or 8088 clone, why settle 
for a single turbo? Orchid’s new 
TwinThrbo 12'“ will double turbo¬ 
charge your PC. Making an ordinary 
accelerator’s performance obsolete. 


ONLY ORCHID'S 12-MHz 
TWINTURBO GIVES YOU DUAL 
TURBO POWER. 

Orchid’s TwinThrbo 12 replaces 
your 4.77-MHz 8088 with a powerful 
12-MHz 80286, while it increases 
your PC’s motherboard speed by up 
to 50%. With this dual turbo tech¬ 
nology, your PC will run applications 
up to 4.5 times faster. So now you 
can smoke IBM’s fastest AT—or 
even their new Personal System/2 
Model 30. 


FINALLY, A TURBO THAT 
SUPPORTS THE 
ENTIRE PC WORLD. 

The TwinThrbo 12 is compatible 
with all application programs for the 


IN EUROPE Orchid (Europe) Ltd. TEL: +AA 256 479898 TLX: 946240 Ref. 190233802 


Orchid Technology 
45365 North port Loop West 
Fremont, CA 94538 
(415)683-0300 
TLX 709289 


ORCHID 


IBM PC, XT and 8088- 
based clones—even 8-MHz 
imports. As well as network, 
multifunction, graphics 
other add-on cards. 


The TwinThrbo 12 moves you 
instantly into the high-performance 
world of an AT. But without the 
AT’s high price tag. Even at $645, 
the TwinThrbo 12 comes complete 
with productivity software and a 
4-year warranty. Plus, for the truly 
economy minded. Orchid offers the 
TinyThrbo;"the Editor’s Choice of 
PC Magazine. At $445, it’s the best 
choice in single turbos today. 


Model 

Price 

Performance 

CPU Speed 

Dual Turbo 

TwinTurbo 12 

$645 

4.5 xK 

12111Hz 

80286 

Yes 

TinyTurbo"* 

$445 

3xPC 

8 MHz 

80286 

No 


'Guaranteed compatible: Guorontee opplies to certain models of monufocturers listed here. 
TwinTurbo 12 ond TinyTurbo 286 ore trodemorks of Orchid Technology All other product nomes 
ore trodemorks of their monufocturers. 
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Queues are particularly good for large messages because data are not copied be¬ 
tween processes. The queue is created by a process that wants to receive mes¬ 
sages. One or more processes can open the queue by its agreed-upon name and 
send messages. Messages consist of a 16-bit number (its meaning is application- 
defined) and a pointer to a shared data segment allocated by the sender. 


The DosCloseQueue call is used to 
close a queue and remove its name 
from the QUEUES directory. 

SIGNALS 

Signals are another mechanism for 
interprocess communication. They are 
primarily used to handle external 
events, such as the operator pressing 
Ctrl-C or Ctrl-Break. However, signals 
can also be used to enable processes 
to communicate with each odier. Using 
signals is analogous to using software 
interrupts under DOS. 

The OS/2 signal facility enables a 
process to designate on-condition 
handlers that will gain control when¬ 
ever a particular signal occurs. Signals 
occur when the following events take 
place: Ctrl-C is pressed, Ctrl-Break is 
pressed, a process is terminated by 
calling DosKill, or a general-purpose 
signal is sent by another process. 

A thread sets up a signal handler 
by calling DosSetSigHandler and speci¬ 
fying the address of the routine that 
will handle the signal and the type of 
signal it will handle. The signal types 
are tlie specific ones mentioned earlier 
and tliree general-purpose signals (pro¬ 
cess flags A, B, and C). The specific sig¬ 
nals enable an application to perform 
special processing when one of the in¬ 
terrupt keys is pressed (Ctrl-C or Ctrl- 
Break) or to perform clean-up opera¬ 
tions just before the process is deleted. 
The general-purpose signals enable sig¬ 
nals to be sent via software rather than 
by external events. 

When a signal occurs while a pro¬ 
cess is active, thread one of that pro¬ 
cess (the first one started when the 
process was created) is diverted in a 
forced call to the signal handler. Be¬ 
cause the signals often represent time- 
critical events, if thread one is pro¬ 
cessing a call that will not return 
quickly, the call will be aborted and 
return an error code. Slow calls are 
normally device I/O calls. File system 
calls (opening and closing, or reading 
and writing files) are not aborted. 

Because signals are always serviced 
by thread one, applications that use sig¬ 
nals may want to reserve this thread 
for signal processing, perhaps blocking 
on a RAM semaphore, and create other 
threads for program execution. 

When a signal handler receives 
control, the stack is updated to contain 
the following information: the far re¬ 
turn address of the thread that was in¬ 
terrupted, the number of tlie signal tliat 
just occurred, and the value of an ar¬ 
gument passed to the signal handler. 
The argument is a word that enables 


the threads that cause general-purpose 
signals to pass small amounts of data to 
the signal handler. External signals 
(Ctrl-C, Ctrl-Break, or DosKill) do not 
pass any meaningful information in this 
particular argument. 

The signal handler can then per¬ 
form any operations it needs in re¬ 
sponse to the signal. For example, in 
response to a Ctrl-C, a signal handler 
could close open files, free all allocated 
memory, delete threads, and perform 
any other clean-up operations before 
being terminated. When it finishes, the 
signal handler can execute an interseg¬ 
ment return instruction to resume exe¬ 
cution at the point at which it was in¬ 
terrupted. Or, it can manually set the 
stack frame to a known state and jump 
to a known location. 

Threads can send signals to signal 
handlers by calling DosFlagProcess. 

This sends one of the signals (process 
flag A, B, or C) to the process indicated 
in the call. If tliere is no signal handler 
set up for that signal in the specified 
process, the signal is ignored. 

In addition, threads can call 
DosHoldSignal to disable signal pro¬ 
cessing during critical periods of oper¬ 
ation. This is analogous to disabling 
interrupts under DOS. For example, if 
a thread is performing a time-critical 
operation, updating a sensitive area of 
data, or performing some other opera¬ 


tion that should not be interrupted, it 
does not want to be interrupted by 
having the operator press Ctrl-Break. It 
can use DosHoldSignal to turn off sig¬ 
nal processing while performing the 
critical operations. After it finishes, it 
can call DosHoldSignal to turn signal 
processing back on. Turning signal pro¬ 
cessing back on is analogous to ena¬ 
bling the interrupts. 

When signal processing is turned 
off, occurring signals are recognized 
but not accepted until it is turned on 
again. Because signals often represent 
critical events that should be handled 
quickly, signals should be treated like 
hardware interrupts and turned off 
only for short periods. 

OS/2 provides a full range of func¬ 
tions for multitasking operation and 
several mechanisms for communication 
between multitasking elements. It re¬ 
mains to be seen how large applica¬ 
tions will take advantage of these fea¬ 
tures. All the tools are in place, how¬ 
ever, to provide multitasking applica¬ 
tions that are as sophisticated as any in 
the microcomputer world. I *"1111 ^1 


Steven Amibrust is a freelance technical 
tvriter, and Ted Forgeron works as a pro¬ 
gram manager for Intel Corporation. To¬ 
gether, they are the authors of the Program¬ 
mer’s Reference Manual for IBM Personal 
Computers (Dow-Jones, Invin, 1986). 
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A Numbo'c^ReasMis A Number 





1 Designed 
• for the 80386 There’s a 
revolution taking place in desktop computing. A revolution 
that’s been launched by a square wafer of silicon known as the 
80386 microprocessor chip. It puts minicomputer potential at 
PC users’ fmgertips. It’s a fact that virtually every leading PC 
manufacturer has built a “box” around this chip. And it’s a fact 
that the “New Operating System” will, supposedly, even run 
on it. But, it’s also a fact that their system wasn’t designed for 


the 80386. Ours is. And it’« 


\ called PC-MOS/386™ 


4 Thousands of DOS Programs PC-MOS/386™ 

• gives you the best of the past, and the best for your 
future. Which means that while PC-MOS/386™ totally replaces 
your old DOS, you won’t have to replace the programs you’ve 
spent a lot of time learning. 

And it all happens so effortlessly You’ll continue 
to reap the benefits of your favorite DOS programs, 
while entering a new arena of power. 

Think of it! Programs like dBASE HI, 
WordPerfect, Lotus 1-2-3 and Sym¬ 
phony, WordStar, MultiMate...hterally 
thousands of DOS programs-all com¬ 
patible and multi-user available. 


compatible with the millions of 
PC-compatibles. Power without 


2 PC and PS/2 
• Compatible 

In designing PC-MOS, we 
knew our first priority was 
to exploit the minicomputer 
capabilities of80386-based 
PCs & PS/2s. But we went 
further, and developed a 
system which would be fully 
existing PCs, PC ATs, and 
sacrifice. You’d expect 


5 Familiar 
• Commands 
Like DIR and COPY 

Just as you don’t have to 
learn a whole new array of 


DR 




SSAitttSSSS. 


nothing less from the new standard bearer. 


software to take advantage of PC-MOS/386™ neither do you 
have to learn an entirely new set of commands. 

Instead, the system builds on the knowledge you already 
have. “COPY” still copies files, and “DIR” still gives you a 
directory listing. As you might expect, we didn’t stop there. 
There’s a wealth of features that have strengthened the com¬ 
mands you know, making them more powerful and easier to use. 



3 One, Five, Up to Twenty-five Users 

• From the beginning, PC-MOS/386™ was 
designed as a versatile operating system which 
could support twenty-five users as easily 
as it supports one. The system comes in 
single, five, and 25-user modules, so 
you’re able to start with what you need 
and expand when you’re ready. 


You can choose from a variety of work¬ 
stations. Mix and match dumb terminals 
costing under $500 each with PCs and 
PS/2s running our terminal emulation 
software. 

All of the host’s resources can be 
shared. Programs, data, hard disks, 
tape backup units & printers (including 


In a multi-user setting, PC-MOS/386™ uses the 
computing power of the host PC to drive workstations 
linked to standard RS-232 ports. 


high speed laser printers) are suddenly available to all 
users. An 80386-PC has minicomputer potential. 


With PC-MOS/386™ you can “mini” your micro. 


































































of UsersWiU Choose PC-MOS/38d 
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Concurrently Supports Virtual 8086 and 
• 80386 32*Bit Mode 


80386-based PCs & PS/2s are dual-personality computers. To 
run DOS programs, they act as PCs with a 640K memory limit. 
But to take advantage of their minicomputer capacity, they operate 
in true 80386 mode which lets them address up to four gigabytes 
of memory. PC-MOS enables the 80386-host and its workstations 
to independently switch between these modes-making DOS 
compatibility and 80386 power simultaneously possible. 


7 

f • While it’s true you could look else¬ 
where for multi-tasking, why would you 
want to? The other multi-tasking 
system is not now, nor is it planned to be, 
multi-usen It won’t even run multiple DOS appli¬ 
cations in multi-tasking mode. 

Now consider PC-MOS/386™ At the touch of a key, 
you can switch between up to 25 different tasks. And if you have 
workstations connected to a host, they get multi-tasking, too. 
Finally...a system that won’t hold you back. 


File/Record Locking and 
U Security When you decide to 
implement either a network or a multi¬ 
user system, there’s a two-fold problem 
which must be solved: protecting 
your work from accidental misuse 
and securing it from intentional theft. 
PC-MOS/386™ solves both aspects of this problem. Password 
proterted security allows you to assign file, directory, and task 
access to each user Plus; files and records are locked using either 
PC-MOS’ proprietary system or NETBIOS emulation. 


9 Remote 
• Access 

It’s been said that information is 
power...which makes PC-MOS/386™ a deadly weapon to your 
competition. Imagine on-the-road salespeople being able to file 
call reports and access your latest inventory data. Picture execu¬ 
tives being able to access your corporate database from across 
the country, or around the world-giving them the information 
they need, when they need it. 

Visualize branch offices tapping time-critical data with 
nothing more than a modem and a workstation. Working at a 
home office in the evening or over the weekend suddenly gets 
awfully productive. And that makes good business sense. The 
kind of sense you can’t afford to be without. 

ThePrice...Asyou 

• evaluate operating systems, 
ask yourself if it’s reasons you’re consider- 
ing...or rhyme. Ask if you’re getting a 
system for tomorrow, or one that was made 
for yesterday See if you’re being forced to buy 
new hardware because of their software. 
And consider this. 

Only one operating system in the world can 
give you the raw power, features, and fimctionahty that you 
demand. Its name is 
And it’s immediately available in 
one, five and 25-user versions starting 
at $195. 

PC-MOS/SSa’" is a trademark of The Software Link, Inc. PS/2, PC AT, NETBIOS, dBASE III, 

MultiMate, WordPerfect, Lotus 1-2-3 & Symphony, & WordStar are trademarks of IBM Corp., Ashton-Tate, 
WordPerfect Corp., Lotus Development Corp., & MicroPn^ respectively. Prices and technical specifications 
subject to change. Copyright ©1987. All Ri^ts Reserved. 

For the dealer nearest you, In Georgia: Intemational/OEM Sales: ResellersWARs: 
CALL; SOOMSl-UNK 404/441-2580 404/263-1006 404/448-5465 

3577 Parkway Lane, Atlanta, GA 30092 Telex 4996147 SWLINK FAX 404/263-6474 
The Software Link/Canada CALL: 800/387-0453 

DEALER INQUIRIES INVITED 


MODULAR OPERATING SYSTEM 

THE SOFTWARE LINK 


CD. 


Booth #4124( 
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One of OS/2 ’s strong selling points is its unique API that can 
be accessed from high-lei^el languages and expanded gracefully. 



DAVID A. SCHMITT 


M117 Then the applications program- 
%j^mers finally tear open the Op- 
▼ derating System/2 (OS/2) box, 
they will discover an operating system 
that affords them greater flexibility' than 
they previously enjoyed under DOS, 
thanks to the OS/2’s greatly^ improved 
application program interface (API). 

Broadly speaking, an Aid includes 
all the wayvs in which an application 
can interface with the operating syvstem. 
More specifically, the API consists of 
the host operating-system services avail¬ 
able to a program and the techniques 
used to call them. Both DOS and OS/2 
Aids define protocols to recei\'e control 
from the operating syvstem when the 
application begins; request operating- 
syvstem services such as I/O; return con¬ 
trol to the operating system when the 
application finishes; and connect spe¬ 
cial I/O drivers to the operating sy’stem. 

How these services are accessed 
draws the distinction between the DOS 
and the OS/2 APIs. DOS, like most 
other operating syvstems, defines an Aid 
that is convenient only for assembly 
language programniers; whereas the 
OS/2 Aid is, for the most part, accessi¬ 
ble from high-level languages, such as 
C and Pascal. The service functions 


hav^e names instead of numbers and 
are accessed with call instructions in¬ 
stead of interrupts. They can be called 
from niany languages that support a 
standard calling sequence and linking 
with externally compiled modules. 
Therefore applications programmers 
easily' can bypass the standard compiler 
libraries and call OS/2 service functions 
directly in order to obtain more effi¬ 
cient performance or to handle special 
processing requirements. 

Because OS/2 sendees are not 
strictly confined to the operating-sy'stem 
kernel but are implemented through 
dy'namic-link libraries, it is easy to add 
to the operating system such functions 
as netw’ork managers, graphics inter¬ 
faces, communications, and data manag¬ 
ers. These additions, w'hich can be inte¬ 
grated into the operating system and 
accessed through the standard API, 
need not originate solely from either 
Microsoft or IBM. 

When DOS turns control ov^er to 
an application program, it sets the reg¬ 
isters and the program-segment prefix 
(PSP), as shown in table 1. The applica¬ 
tion usually must sav^e some of this in¬ 
formation and put different values into 
the segment registers. For example, the 


application might repoint the DS regis¬ 
ter from the PSP to the program’s de¬ 
fault data segment and move the resid¬ 
ual command line into the same data 
segment to make processing more con¬ 
venient. The applications programmer 
must use assembly language for this 
initialization because most of the high- 
lev^el languages do not provide easy 
access to machine registers. 

In DOS, the application program 
also must drop back to assembly lan¬ 
guage to terminate; it loads a return 
code into the AL register, 4CH into the 
AH register, and executes DOS inter¬ 
rupt 21 IT. DOS also allows applications 
to terminate and stay resident (TSR), 
which is a way' of keeping the applica¬ 
tion program in memory' so that it may 
attempt some ty'pe of multitasking. 

An OS/2 application also requires 
an assembly language staiT-up interface 
because its entry' information is passed 
in registers (see table 2). This is sur¬ 
prising in light of the high-level API to 
the OS/2 service functions. If the start¬ 
up data passed on the stack instead of 
in registers, the application s start-up 
routine could use a high-level language 
syntax to access the data as if they 
were arguments passed to a functicMi. 
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THE FLEXIBLE INTERFACE 


TABLET: DOS Program Entry interface 


LOCATION 

CONTENTS 

DS 

Segment address of program segment prefix 

ES 

Same as DS 

SS 

Segment address of default stack segment within application 

SP 

Offset to top of default stack 

BX:CX 

32-bit length of executable file, excluding .EXE header 

PSP + 2CH 

Segment address of en\aronment area containing this application’s 
copy of environment strings followed by name of executable file 
loaded for application 

PSP + 5CH 

Partial unopened FCB containing drive number, file name, and 
extension from first parameter following command verb 

PSP + 6CH 

As above, for second parameter 

PSP + 80H 

128-byte area containing residual command line, preceded by a 
length byte 


When an application program gains control under DOS, it needs an assembly lan¬ 
guage start-up routine because the information is passed in the registers. 


TABLE 2: 05/2 Program Entry Interface 


REGISTER 

CONTENTS 

DS 

Segment selector for default data segment or 0 if no such segment 

ES 

Value of 0 

SS 

Segment selector for default stack segment 

SP 

Offset to top of default stack 

AX 

Segment selector for environment segment containing 
environment strings, application file name, command verb, 
and residual command line 

BX 

Offset to command verb in environment segment 

CX 

Length of default data segment with 0 indicating 64KB 

DX 

Stack size 

SI 

Heap size 

DI 

Module handle for application executable 

BP 

Value of 0 normally pushed onto stack to indicate end of stack 
frame chain 


Under OS/2, a program gets more information from the operating system at start 
up, but the information is still accessible only with assembly language. 


Actually, this is not a serious prob¬ 
lem because compiler packages always 
include an appropriate start-up routine, 
and most compiler vendors are now 
SLipi^lying start-up source code with 
which the user can customize the code 
For special applications. Still, the assem¬ 
bly language start-up seems at odds 
with the rest of the OS/2 Aid. 

OS/2 eliminates the PSP, because 
the start-up data previously pro\'ided in 
the PSP now are passed in the registers 
and the en\aronment area. However, 
the new operating s\^stem has mo addi¬ 
tional blocks of process information; 
the application obtains its addresses by’ 
calling DosGetInfoSeg. These blocks 
contain the process and thread identifi¬ 
ers, thread priorities, screen group, and 
so on, although few applications need 
this information. Processes, threads, and 
screen groups are classes of tasks that 


can run concurrently; they are more 
fully described later in this article. 

An OS/2 application can terminate, 
without recourse to assembly language, 
simply by calling the DosExit function 
and passing a return code as a parame¬ 
ter. While DOS allows only an 8-bit 
code, OS/2 allows 16 bits. When it ter¬ 
minates, the application also is able to 
specih' the immediate termination of its 
threads or associated tasks. 

In OS/2, the information an appli¬ 
cation receives from the command line 
includes one additional item not avail¬ 
able in DOS, the command verb. For 
example, in the OS/2 user command 

link myprog /m; 

the command \'erb is link and the re¬ 
sidual command line is myprog /m;. 
Although DOS provides no way to ob¬ 
tain the command verb itself, the pro¬ 


grammer can obtain an executable file 
name, which normally has the verb as 
its root. In this example, the executable 
file might be link.exe. 

Like the entiy and exit sequences 
of DOS applications, the interface to 
DOS ser\ace functions was designed 
strictly for use by assembly language 
programs. After three major versions of 
DOS, this portion of the AI^I has 
evolved into about 100 sendees that are 
accessed by the following protocol: 

• The application passes data (both val¬ 
ues and addresses) in machine regis¬ 
ters, and DOS returns these data in 
the same fashion. 

• The application passes control to the 
system through a software interrupt. 
The most common DOS sendees use 
interrupt 2H I, but the DOS j\Pl now 
includes many other interrupts, such 
as those used to access the BIOS. 

• DOS API routines, in general, do not 
preseiwe the register contents. 

• The API routines usually indicate er¬ 
rors by setting the cany flag (CF) 
wdien they return to the application. 

This protocol is illustrated by a 
code Fragment that reads a block of 
data from a file (figure 1). It is as¬ 
sumed that the file was opened before 
by another DOS function call and that 
the buffer is in the default data seg¬ 
ment to which the DS register points. 

The DOS Al^I is efficient but has 
serious drawbacks. Although it is well- 
suited to assembly language, it cannot 
be used from high-level languages be¬ 
cause they generally do not allow di¬ 
rect manipulation of the registers or 
direct execution of interrupt instruc¬ 
tions. Thus, compiler libraries need 
many “glue functions" that pick up pa¬ 
rameters from where the calling se¬ 
quence put them (usually on the stack), 
place them into registers, and issue 
software interrupts. 

DOS also includes many excep¬ 
tions to the four-point protocol de¬ 
scribed above. For example, register 
usage varies from one function to the 
other, and some Al^I functions do not 
use the CF to indicate errors. Finall\^ 
because DOS resides in the same 
memor\’ space as its application pro¬ 
grams, many programmers have discov¬ 
ered how to access “secret” data areas 
and functions within DOS, which they 
treat as part of the API. These proce¬ 
dures can cause compatibility problems 
when DOS is updated. 

THE GRAND DESIGN 

The OS/2 designers sought to correct 
these problems by providing an Aid 
with functions that can be called di- 
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Founded in 1982, Compaq Computer Cor¬ 
poration has been setting records pioneer¬ 
ing the concept of compatibility in personal 
computing and industry. By 1985, we 
made history by reaching the Fortune 500 
faster than any other company on record. 
Today, Compaq ranks as the worldwide 
leader in both portable personal computers 
and high performance 80386 desktop per¬ 
sonal computers. 

While many elements have contributed to 
our success, one clearly stands out.. .the ex¬ 
traordinary professionals who make up the 
Compaq team. Our people are widely 
recognized for their ability to create new 
products swiftly and to innovate within 
industry standards. 

Compaq facilities, an impressive 150 acre 
campus, are located 20 miles northwest of 
Houston on a beautifully wooded site com¬ 
plete with jogging track. Our proximity to 
Houston, the nation's fourth largest city, 
affords Compaq employees the benefits of 
a variety of amenities.. .including recrea¬ 
tional, cultural and academic attractions. 
The scenic residential communities that 
surround our campus offer exceptional life¬ 
style settings with many affordable hous¬ 
ing options. 

In addition to the obvious opportunities 
and professional growth provided at 
Compaq, our compensation packages pro¬ 
vide stock options, relocation assistance, 
and a salary philosophy sensitive to 
employee achievement. 

With all of these things in mind, investigate 
the following opportunities that are 
immediately available: 

MICROPROCESSOR, LOGIC & 
ASIC DESIGN ENGINEERING 

Requires the ability to schedule projects 
and work within the given schedule and 
deal with the outside vendors and inside 
groups to define and release projects. 

These positions require a BSEE or equiva¬ 
lent degree, MSEE preferred, and a mini¬ 
mum of five years experience utilizing: 

• Hardware background in high speed 
logic design and/or microprocessor 
system design 

• Flow charts and timing diagrams for 
digital design and detailed design 
analyses 

• Vendor libraries, test vendor generation, 
simulation checkout, and TTL emulators 
for gate array/standard cell design 

• CAE systems for logic design, test vector 
generation, simulation checkout and 
documentation 


Compaq Computer Corporation and Houston...Two entities with roots in vastly different cultures. 
And yet, the similarities in personality are astoundingly parallel. The ability to conquer 
insurmountable odds. The desire and determination to be the best. The energy and dedication that 
make hard work the best kind of work. An obsession to make a mark on the world. These philoso¬ 
phies are not only a part of Houston 's heritage, but are also the motivators for Compaq team 
members. And we're still building our team today. 


SYSTEMS ENGINEERING 

Systems Software Engineers 

Responsible for the evaluation, design, 
development and testing of firmware, 
operating systems, device drivers and util¬ 
ity software for personal computer sys¬ 
tems. These positions require a BSCS/BSEE 
or equivalent degree and a minimum of 
four years experience in the following 
areas: 

• PC Software Development 

• 8086/286/386 Assembly/"C" language 
programming 

• MS-DOS and/or UNIXVXENIX** 
operating systems 


These positions require a hardware back¬ 
ground with knowledge of microprocessor 
based systems software, a BSEE or equiva¬ 
lent degree, MSEE preferred, and a mini¬ 
mum of three years experience in one or 
more of the following areas: 

• CPU's/Memory/Bus Architecture 

• Numeric Coprocessors 

• File Subsystems 

• Network/Communications 

• Graphic Subsystems 

• State Machines 

We also have on-going opportunities in the 
areas of Marketing, Corporate Communica¬ 
tions, Manufacturing Operations, Purchas¬ 
ing and Human Resources. 

For immediate consideration, please send 
your resume to: Compaq Computer 
Corporation, Dept. PCTl 187-RM, 

P.O. Box 692000, Houston, Texas 
77269-2000. Please indicate clearly the 
exact position for which you are respond¬ 
ing. Compaq is an affirmative action 
employer m/f/h/v. 


Systems Architects 

Participate in the design process of new 
products by investigating and evaluating 
design alternatives and new technologies 
for system compatibility and performance 
along with developing hardware compati¬ 
bility test and performance analysis tools. 


comma 


UNIX is a trademark of AT&T 
'* XENIX is a trademark of Microsoft 
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EXIM 

TOOLKIT: 



PROGRAMMING TOOLS 


A must for all BASIC programmers who use 
Microsoft’s QuickBASIC or IBM’s PC BASIC com¬ 
pilers, our feature-rich, easy-to-use EXIM TbolKit 
provides dozens of useful routines unavailable in 
BASIC or any other single software library sold 
today! 

Here’s just some of what the EXIM ToolKit 
can do: 

With our Screen Management module, you 
get features like four-way scrolling, windowing and 
data entry/display in screen forms. You can also 
write to screen many times faster than with BASIC 
and develop software to copy areas of the screen for 
cut and paste functions. 

The multi-user Data Base Management 
module lets multiple users access the same data 
files across a local area network and still maintain 
data integrity. Users can build, add and delete 
indexes; reformat files and much more. Now BASIC 
users can control data as never before. 

The Network Interface modules make it 
possible for BASIC programs to issue NETBIOS 
commands. 

BASIC limits you to 64K of RAM for strings. 
EXIM IbolKit’s Memory Manager lets you 
access up to 256K additional RAM for strings. 
And, we offer free technical support, 7 days a week. 

Order your EXIM ToolKit today. It’s only 
$99.95, ($199.95 with Network Interface Modules) 
plus $5.00 shipping and handling. (No licensing or 
royalties required.) If within 30 days, you are not 
completely satisfied with the EXIM ToolKit, 
return it to your dealer for a complete refund. 

The EXIM ToolKit is so comprehensive, 
we’re convinced it’s the only BASIC Software 
Library you’ll ever need. 


EXIM SERVICES OF N.A. INC. 


P.O. Box 5417 
Clinton, New Jersey 08809 
(201) 735-7640 
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FIGURE It DOS Example 


; In the Data Segment: 


FHANDLE DU 

? 

;File handle 

MBYTES DW 

? 

;No. of bytes to read 

BUFFER LABEL 

BYTE 

;Buffer to receive data 

; In the Code Segment: 


MOV 

BX,FHANDLE 

;Load file handle 

MOV 

CX,MBYTES 

;Load read count 

LEA 

DX,BUFFER 

;Load buffer offset (Seg in DS) 

MOV 

AH,3FH 

;DOS file read function 

INT 

21H 

;Call DOS 

JC 

READ_ERROR 

/Handle any errors 



/Continue if read OK 


A call to the file-reading function of DOS illustrates why 
this API can be used only from assembly language: values 
are passed in registers, and entry is via a software interrupt. 


FIGURE 2: Assembly Language Example 


/ In the Data Segment: 


FHANDLE DU 

? 

/File handle 

MBYTES DU 

? 

/No. of bytes to read 

ACTUAL DU 

? 

/No. of bytes actually read 

BUFFER LABEL 

BYTE 

/Buffer to receive data 

/ In the Code Segment: 


EXTRN 

DOSREAD:FAR 

/Push parameters for call: 

PUSH 

FHANDLE 

/ file handle. 

PUSH 

DS 

/ far address of buffer. 

LEA 

AX,BUFFER 


PUSH 

AX 


PUSH 

MBYTES 

/ byte count. 

PUSH 

DS 

/ far address for returned count. 

LEA 

AX,ACTUAL 


PUSH 

AX 


CALL 

DOSREAD 

/Call DOS function 

OR 

AX, AX 

/Test value returned in AX 

JNZ 

READ_ERROR 

/Handle any errors 
/Continue if read OK 


Tlie equivalent function call in OS/2 shows features of the 
new API: the functions are called by name, with param¬ 
eters passed on the stack instead of in machine registers. 



Because the function-calling protocol of the OS/2 API is the 
same as those found in many compilers, system services 
may be called directly from high-level languages. 
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rectly from languages such as C and 
Pascal. Because these languages impose 
fairly strict and consistent function-call¬ 
ing protocols, and high-level functions 
are easily documented, this type of API 
is more accessible to the average pro¬ 
grammer. Further, the risk of obscure 
errors caused by incorrect API calls is 
greatly reduced because the functions 
have mnemonic names instead of 
cryptic numbers, and the compiler can 
check for valid argument npes. 

Of course, a high-level API does 
not preclude assembly language pro¬ 
gramming, because a programmer can 
hand-code in assembly language any 
code sequence generated by a com¬ 
piler. In assembly language terms, the 
protocol for the OS/2 API is as follows: 

• The application program pushes all 
parameters onto its stack. 

• The integer (T6-bit) and the long- 
integer (32-bit) input parameters to 
the function are passed onto the stack 
by the values themselves. 

• Character and parameter values re¬ 
turned by the API function are passed 
by address—the application pushes 
the parameter’s full 32-bit address. 

• Control transfers to the API function 
by means of a far call. 

• The API function preserves all regis¬ 
ters except for AX. 

• As it returns, the API hinction re¬ 
moves all parameters from the user’s 
stack, then passes back a return code 
in AX. This code is zero for success 
or nonzero for an error. 

Many compilers use this protocol 
for calling functions. In most languages, 
invoking a function pushes the func¬ 
tion’s parameters onto the stack, and an 
integer value returned by the function 
usually passes back into AX. 

The OS/2 API is illustrated by ex¬ 
amples in assembly language and C in 
figures 2 and 3, respectively. In both 
cases, the code fragments perform the 
same function as the code in figure 
1—they read a block of data from a 
previously opened file into a buffer in 
the default-data segment. The OS/2 
DosRead function performs the same 
operation as DOS interrupt 21H, func¬ 
tion 3FH. As with any function that is 
accessible from a high-level language, 
accessing OS/2 through assembly lan¬ 
guage is more complicated, more tedi¬ 
ous, and probably more error prone. 

Comparing the assembly code se¬ 
quences in figures 1 and 2, it is appar¬ 
ent that the OS/2 API is less efficient 
than its predecessor. It takes more in¬ 
structions and machine cycles to push 
arguments onto the stack than to place 
them in registers; in addition, the far 



If you want 
unmatched 
performance agj 
portability, we | 
have it. The 
hottest file | 
handler and 
report generat^ 
on the market, i 


The c-tree file handler offers 
unmatched file accessing speed. The 
r-tree report generator makes pro¬ 
ducing reports a snap. Both pack¬ 
ages offer unmatched portability. 
Thousands of programmers are 
using these packages in over 50 sys¬ 
tem environments: DOS, UNIX, 
XENIX. OS/2, MACINTOSH, VAX, 
TOWER and .YOURS. 

More for your money • complete 
C-source code • single and multi-user 


capability • no royalties • unlimited 


free technical support • port to all 


machines.for one price. 


c-tree features • fixed and variable 
length data records • record locking 
• variable length keys and key 
compression • overcomes OS file 
limit.and more. 

ptree features • no printer spacing 
charts • change reports without 
recoding • unlimited control breaks, 
accumulators and virtual field calcu¬ 
lations • powerful search, select 
and sort capabilities over multiple 
files.saves days of coding. 

FairCom’s unmatched products will 
work for you. Order c-tree today for 
$395, r-tree for $295. When ordered 
together, r-tree is only $255. For 
VISA, MasterCard and C.O.D. orders 
call (314) 445-6833. For c-tree 
benchmark comparisons, write us at 
4006 West Broadway, Columbia, 

MO 65203. 


CIRCLE NO. 119 ON READER SERVICE CARD 



By FairCom 

4006 W. Broadway Columbia, MO 65203 


NOVEMBER 1987 


UNIX Is trademark of AT&T, MACINTOSH Is trademark licensed to Apple Computer Company, 
VAX Is trademark of DEC TOWER Is trademark of NCR, XENIX Is trademark of Microsoft 












OS/2 API 


FINALLY! 


EASYFLOW 

An on-screen flowchart processor that knows about flowcharts - not just 
/i another "screen draw” program that makes you do most of the work. 
EasyFlow Is a powerful full-screen graphics program dedicated to flowcharts 
and organization charts. With it you can quickly compose charts. More 
Important, you can easily modify charts so they are always up to date. 

► Automatic: Fully automatic text centering within shapes, both horizontally and 
vertically. Fully automatic line routing & re-routing. 

>■ Fast: Written in assembly language for speed. 

► Large: Charts up to 417 columns wide by 225 lines high. Chart too iarge for your 
printer? £ 4 srF/.ow automatically breaks the chart up & prints it in page size pieces. 

► Standard: All standard flowcharting shapes included. Custom shapes can be ordered. 

► User friendly: Don’t take our word for it. PC Magazine’' says " EasyFlow \ms 
up to its name. It’s hard to imagine any easier and more flexible way to produce 
basic and even complex flowcharts”. 

► Mouse: Optional but fully supported. 

It prints: On most popular matrix printers including IBM, Epson, Toshiba, HP 
LaserJet, LaserJet-Plus and many others. 

► It plots: On HP7440, 7475, 7550, 7570, 7585B and compatible plotters. 

► It works: We are contractually prevented from mentioning the name of the “big 
eight” accounting firm that purchased a worid-wide site license, but we can tell 
you that they spent months evaluating all available flowcharting packages before 
choosing EasyFlow. 

► Rush delivery: Order by noon today (eastern time) and we’ll have it to you by 
courier tomorrow**. Rush delivery charge is $15.00 (instead of $2.00) and is 
available only in USA & Canada. 

► Documented: 100 page manual plus over 150 screens of context sensitive help. 

EasyFlow worfAS on IBM PC’s, IBM PS/2 and compatibles. Requires 384 K memory, 
DOS 2.0 or higher and an IBM CGA/EGA/VGA or Hercules monochrome compatible 
adapter card. 

Order direct for only $149.95 + $2.00 S&H (US/\/Canada), $10.00 (foreign). Payment 
by M.O., cheque, VISA, Mastercard or Company PO. 

* March 10, 1987 issue, page 278. 

** Rush orders are shipped by Purolator Courier and normally arrive the next business day to most locations. 
Remote destinations take longer. 



The chart fragment above was produced on an HP LaserJet-Plus and Is actual size and 
unretouched. Publication quality charts like this can be produced using only minutes of preparation 
time and seconds of print time. 


HavenTree Software Limited Order Desk: 1-800-267-0668 
PO Box 1093-N Information: (613) 544-6035 ext 48 

Thousand Island Park, NY 13692 Telefax(G3): (613) 544-9632 


call is larger and slightly slower than 
the interrupt instruction. This is un¬ 
doubtedly a reasonable trade-off be¬ 
cause, in many cases, OS/2 API’s direct 
accessibility from a high-level language 
obviates the use of glue funaions that, 
under DOS, simply pop the arguments 
right back off the stack and issue the 
appropriate software interrupt. 

For example, the standard C read 
function, included in many compiler 
libraries, reads a block of data from a 
file. Under DOS, if this function were 
written in assembly language, it would 
incorporate a code sequence similar to 
the one in figure 1. Reading a file in¬ 
volves two calling sequences: one con¬ 
forming to the C protocol to call read 
and the other to the DOS API to call 
interrupt 21H. Under OS/2, the pro¬ 
grammer can write the read function in 
either assembly language or C, but in 
either case the operating system is 
called, using the longer calling se¬ 
quence shown in figure 2. Therefore it 
would appear that a program to call a 
standard library function is less effi¬ 
cient under OS/2, because it uses two 
long calling sequences instead of one 
short sequence and one long sequence. 

However, the program does not 
need to call read—it can simply call 
the DosRead function directly. This is 
more efficient than DOS because it in¬ 
volves only one calling sequence. In 
effect, the program can bypass the glue 
function to call the operating system 
directly. The trade-off for this case is 
that the program becomes tied to OS/2 
and loses the portability that is a hall¬ 
mark of C language. 

Figure 3 illustrates several other 
requirements of writing OS/2 calls in C. 
First, the programmer must declare the 
API functions using the far and pascal 
key words. Far instructs the compiler 
to use a far call to access the function, 
regardless of the memory model in 
use; pascal indicates that the function 
does not conform to standard C lan¬ 
guage calling conventions and causes 
the compiler to generate the following 
function protocol: 

• Arguments are pushed onto the stack 
in right-to-left order as written (the 
standard C sequence pushes argu¬ 
ments left to right). 

• No code is generated following the 
call to remove arguments from tine 
stack; it is assumed that the function 
performs this task before returning. 

• The name of the function is con¬ 
verted to uppercase; it is not pre¬ 
ceded with an underscore. 

Second, all pointer arguments 
passed to OS/2 ftinctions must be 32-bit 
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TABLE 3j 05/2 Video Functions 


INT lOH 

FAMILY EQUIV. 

NAME 

DESCRIPTION 



VioDeRegister 

Deregister video subsystem 



VioEndPopUp 

Deallocate pop-up display screen 



VioGetANSI 

Get ANSI status 

F 


VioGetBuf 

Get logical video buffer 



VioGetConfig 

Get video configuration 



VioGetCp 

Get video code page ID 

F 

03H 

VioGetCurPos 

Get cursor position 

F 


VioGetCurType 

Get cursor type 



VioGetFont 

Get font table address 

F 

OFH 

VioGetMode 

Get display mode 

F 


VioGetPhysBuf 

Get physical display buffer 



VioGetState 

Get video state 



VioModeUndo 

Cancel mode wait 



VioModeWait 

Wait for mode change 



VioPopUp 

Allocate pop-up display screen 



VioPrtSc 

Print screen 



VioPrtScToggle 

Print screen key operation trap 

F 

08H 

VioReadCellStr 

Read cell string 

F 


VioReadCharStr 

Read character string 



VioRegister 

Register video subsystem 



VioSavRedrawUndo 

Cancel save-redraw wait 



VioSavRedrawWait 

Wait for save-redraw 



VioScrLock 

Lock the screen 

F 

07H 

VioScrollDn 

Scroll down 

F 


VioScrollLf 

Scroll left 

F 


VioScrollRt 

Scroll right 

F 

06H 

VioScrollUp 

Scroll up 



VioScrUnLock 

Unlock the screen 



VioSetANSI 

Set ANSI mode on or off 



VioSetCp 

Set video code page ID 

F 

02H 

VioSetCurPos 

Set cursor position 

F 

OlH 

VioSetCurType 

Set cursor type 



VioSetFont 

Set font 

F 

OOH 

VioSetMode 

Set display mode 


OBH 

VioSetState 

Set video state 

F 


VioShowBuf 

Display logical buffer 

F 

09H 

VioWrtCellStr 

Write cell string 

F 

OAH 

VioWrtCharStr 

Wrtie character string 

F 


VioWrtCharStrAttr 

Write character string with attribute 

F 


VioWrtNAttr 

Write N attributes 

F 


VioWrtNCell 

Write N cells 

F 


VioWrtNChar 

Write N characters 

F 

OEH 

VioWrtTTY 

Write a TTY string 

h' = 

Full family-mode support 



Besides providing the equivalent of DOS BIOS-level video output hinctions, OS/2 
also allows direct access to either the logical or the physical video buffers. 


far pointers. To ensure the proper 
pointer format under all memory mod¬ 
els, each argument should be con¬ 
verted by a cast, as illustrated by the 
code (char far *) buffer and (short far 
*) (&actual) in figure 3. 

Usually, the program would not 
explicitly declare the API functions, but 
would include from the OS/2 Program¬ 
mer Toolkit the appropriate definition 


files, often called header or include 
files. For C programmers, the standard 
Al^I functions are defined in two 
header files named subcalls.h and 
doscalls.h. The former defines the key¬ 
board, video, and mouse functions that 
compose the user-interface subsystem; 
the latter contains definitions for ail 
remaining functions. The files also de¬ 
fine complex API data structures. 


The early OS/2 documentation is 
somewhat unclear about how the user 
should actually write the AI^l function 
names. The OS/2 Technical Reference 
Manual often shows them in mixed 
case, such as DosRead, but then warns 
the user to code them in full upper¬ 
case, such as DOSREAD. In the prelimi¬ 
nary^ release, the function declarations 
in the header files and the module 
names in the libraries contain only 
uppercase names. If a programmer 
uses mixed case in a program with a 
case-sensitive compiler, then he must 
instruct either the compiler or the 
linker to fold all such names to upper¬ 
case. For some C compilers, pascal in 
the function declarations performs this 
task, at least for the module names 
passed to the linker. 

The API function libraries also 
contain complete function names, some 
of them quite long. Compilers, assem¬ 
blers, and linkers often have options 
that allow the user to truncate external 
names to eight characters or fewer; 
sometimes these options are in effect 
by default. The programmer cannot use 
these options when a program includes 
OS/2 API calls; if the options are used, 
the linker will be unable to resolve the 
function references correctly. 

Doscalls.Iib is the link-time libraiy 
used to resolve calls to external AI^I 
functions. Unlike normal libraries that 
supply actual program code for mod¬ 
ules called, this library^ supplies defini- 
tio72 7^eco7^ds for dynamically linked 
modules. These records contain infor¬ 
mation that the linker places into the 
.EXE file for use at load time. When 
the file is loaded, this information al¬ 
lows OS/2 to find the file containing 
the actual code and load the required 
modules. If the library is not already in 
memoiy, OS/2 will load it. In either 
case, it then performs a relocation pro¬ 
cess by inserting the actual addresses 
of the modules called. Several concur¬ 
rent processes needing the same mod¬ 
ules can share one copy of each dy¬ 
namic-link library^ 

IN THE FAMILY MODE 

Family mode is a novel feature of OS/2 
that allows the user to construa an 
application that will run under DOS 
3.x, OS/2 real mode, or OS/2 protected 
mode; however, one might ask, if an 
application can run in protected mode, 
why should it run in OS/2 real mode? 
The rules for constructing such an ap¬ 
plication are as follows: 

• The program can freely call those 
OS/2 API functions designated for use 
in family mode. 
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• The program cannot call nonfamily 
OS/2 API functions unless it first veri¬ 
fies that it is in protected mode. 

• The program cannot use any DOS 
API services, such as generating soft¬ 
ware interrupts, unless it first verifies 
that it is running in (DOS 3.x or 
OS/2) real mode. 

• Programs that directly manipulate the 
segment portions of 32-bit addresses 
must incorporate code that reflects 
both real-mode and protected-mode 
addressing and must conditionally 
execute one or the other, depending 
on the runtime mode. 

OS/2 includes several features to 
support family-mode applications. It has 
AI^I functions to distinguish between 
DOS 3.x and OS/2 and between real 
and protected modes. A special library^ 
file called api.lib contains DOS versions 
of the family-mode subset of OS/2 
functions. The bind utility converts a 
protected-mode .EXE file into a family¬ 
mode .EXE by inserting the DOS ver¬ 
sions of the Aid functions and a stub 
loader, which loads these functions 
into memory^ (and performs appropri¬ 
ate relocation of call addresses) if the 
program initiates from DOS or OS/2’s 
compatibility mode. In protected mode, 
the stub loader is not executed, and 
the real-mode functions never load. On 
disk, the executable family mode is 
about 30KB larger than the straight 
protected-mode (unbound) file. 

OS/2 API services. The more than 200 
OS/2 Aid service functions are listed in 
tables 3 through 10 and are grouped 
according to function: video, keyboard, 
mouse, file I/O, memoiw management, 
task management, interprocess commu¬ 
nication, and miscellaneous. 

In the tables, the FAMILY column 
indicates the extent to which the func¬ 
tion can be used in family-mode pro¬ 
grams. F in this column indicates that 
the function is fully supported for use 
in family-mode applications in both 
real and protected modes; whereas R 
indicates that the function can be used 
in real mode with certain restrictions, 
which are usually on the use of some 
of the function s capabilities or on the 
values of parameters. 

The DOS EQUIVALENT column 
shows the DOS AI^I services that are 
roughly equivalent to the OS/2 API 
functions. In most cases, the equiva¬ 
lence is a function of DOS interrupt 
21H, but the tables also indicate the 
cases in which other interrupts provide 
particular services. 

Table 11 presents \he equivalence 
information for interrupt 21H only in 
DOS function-code order. Nearly all 


TABLE 4: OS/2 Keyboard Functions 


DOS 

FAMILY EQUIVALENT 

NAME 

DESCRIPTION 

F INT 16H,00H 

KbdCharIn 

Read character and scan code 


KbdClose 

Close logical keyboard 


KbdDeRegister 

Deregister keyboard subsystem 


KbdFreeFocus 

Free keyboard focus 

F 

KbdFlushBuffer 

Flush keystroke buffer 


KbdGetFocus 

Get keyboard focus 

F INT 16H,00H 

KbdGetStatus 

Get keyboard status 


KbdGetCP 

Get keyboard code page ID 


KbdOpen 

Open logical keyboard 

R INT 16H,00H 

KbdPeek 

Peek at character and scan code 


KbdRegister 

Register keyboard subsystem 


KbdSetCP 

Set keyboard code page ID 


KbdSetCustXt 

Set custom translate table 


KbdSetFgnd 

Set foreground keyboard priority 


KbdSetStatus 

Set keyboard status 


KbdShelllnit 

Initialize shell 

F INT21H,0AH 

KbdStringIn 

Read character string 


KbdSynch 

Synchronize keyboard access 


KbcMate 

Translate scan code 

F = Full family-mode support 

R — Restricted family-mode support 




Control over the OS/2 keyboard is much more complete than in DOS and extends 
to scan-code translation and foreign character sets. 


TABLE 5: OS/2 Mouse Functions 


INT 33H 
EQUIV. 

NAME 

DESCRIPTION 

OlH 

MouClose 

MouDeRegister 

MouDrawPtr 

Close mouse device 

Deregister a mouse subsystem 

Draw a pointer 


MouFlushQue 

MouGetDevStatus 

MouGetEventMask 

Flush mouse event queue 

Get mouse device status flags 

Get mouse event mask 


MouGetHotKey 

MouGetNumButtons 

MouGetNumMickeys 

Get mouse hot-key definition 

Get number of mouse buttons 

Get number of mickeys per centimeter 

03H 

MouGetNumQueEl 

MouGetPtrPos 

MouGetPtrShape 

Get number of mouse event queue elements 
Get mouse pointer position 

Get mouse pointer shape 

OOH 

MouGetScaleFact 

MouInitReal 

MouOpen 

Get mouse scaling factors 

Initialize real-mode mouse driver 

Open mouse device 

05H,06H 

02H 

MouReadEventQue 

MouRegister 

MouRemovePtr 

Read mouse event queue 

Register a mouse subsystem 

Remove mouse pointer from a screen area 

OCH 

MouSetDevStatus 

MouSetEventMask 

MouSetHotKey 

Set mouse device status flags 

Set mouse event mask 

Set mouse hot-key definition 

04H 

09H,0AH 

MouSetPtrPos 

MouSetPtrShape 

MouSetScaleFact 

Set mouse pointer position 

Set mouse pointer shape 

Set mouse scaling factors 


MouShelllnit 

MouSynch 

Initialize shell linkage 

Synchronize mouse subsystem 


Mouse functions can be used only in protected mode, not by family-mode pro¬ 
grams. The interrupt 33H functions are only approximately equivalent. 
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It’s all available, as you need it - 
INSTANTLY! 

Over 5 times more information is instantly 
available in the 2048 x 2048 frame buffer than in 
any other standard high-res graphics board; up to 
20 times more than your standard EGA. Just pan 
freely in real time over the entire drawing area. 

Load your CAD drawing faster too. There’s no 
waiting while extensive display lists are created 
since display lists aren’t necessary. 


Special CAD Features. 

Enhanced AutoCAD^ and VersaCAD2 drivers are 
included with such features as smooth pan and 
scroll, instant hardware zoom, and pan freeze. A 
Microsoft Windows driver is also incorporated for 
your business needs. 

All of these advantages translate to increased 
productivity for you. So if you’re interested in 
increasing your productivity, select the price/per¬ 
formance leader in graphics boards for CAD. 


No one else can save you as much time, and at 
the same time give you as much information. 

It looks great, too. 

Your drawing is displayed at the highest possible 
resolution 1280 x 1024 on any 19” analog 
non-interlaced monitor with 16 bright vibrant 
colors to choose from. 
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To find out more, Call (216) 464-6600. 

qDP 

^computer systems inc. 

23632 Mercantile Road 
Beachwood, Ohio 44122 

'AutoCAD is a registered trademark of Autodesk Inc. 

^VersaCAD is a registered trademark of VersaCAD Corporation. 
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TABLE 6: 05/2 File no Functions 


INT21H 

FAMILY EQUrV. 

NAME 

DESCRIPTION 


0DH,68H 

DosBufReset 

Commit file’s cache buffers 

F 

3BH 

DosChDir 

Change current directory^ 

F 

42H 

DosChgFilePtr 

Change file’s read/write pointer 

F 


DosCLIAcess 

Request CLI/STI privilege 

F 

3EH 

DosClose 

Close file 

F 

41H 

DosDelete 

Delete file 

F 


DosDevConfig 

Get device configuration 

F 

44H 

DosDevIOCtl 

Perform I/O control function 

F 

45H,46H 

DosDupHandle 

Duplicate file handle 

R 

5CH 

DosFileLocks 

Lock file section 

R 


DosFindClose 

Close directoiy handle 

R 

4EH 

DosFindFirst 

Find first matching file 

R 

4FH 

DosFindNext 

Find next matching file 

F 


DosGetMessage 

Get system message with variable text 

F 


DosInsMessage 

Insert variable information into message 

F 

39H 

DosMkDir 

Create directory^ 

F 

56H 

DosMove 

Move file 

F 


DosNewSize 

Change file size 

R 

3CH,3DH 

DosOpen 

Open file 



DosPhysicalDisk 

Request disk partition information 

F 


DosPortAccess 

Request I/O port access 

F 


DosPutMessage 

Put message to specified file handle 

F 

47H 

DosQCurDir 

Queiy^ current directory 

F 

19H 

DosQCurDisk 

Queiy^ current disk 

R 


DosQFHandState 

Queiy' file handle state 

F 

57H 

DosQFileInfo 

Queiy^ file information 

F 

43H 

DosQFileMode 

Queiy file mode 

F 

36H 

DosQFSInfo 

Query' file system information 



DosQHandType 

Query file handle type 

F 

54H 

DosQVerify 

Query' disk verify setting 

F 

3FH 

DosRead 

Read file 



DosReadAsync 

Read file asynchronously 

F 

3AH 

DosRmDir 

Remove directory' 

F 


DosSearchPath 

Search path for file name 

F 

OEH 

DosSelectDisk 

Select default disk 

R 


DosSetFHAndState 

Set file handle state 

F 

57H 

DosSetFileInfo 

Set file information 

F 

43H 

DosSetFileMode 

Set file mode 

F 


DosSetFsInfo 

Set file system information 


67H 

DosSetMaxFH 

Set maximum file handles 

F 

2EH 

DosSetVerify 

Set or reset verify switch 

F 

40H 

DosWrite 

Write file 



DosWriteAsync 

Write file asynchronously 

F = 

Full family-mode support R = Restricted famil] '-mode support 


Reflecting the similarity of the DOS and OS/2 file systems, this group of functions 
has the greatest percentage of equivalents in both operating systems. 


DOS interrupt 21H services have OS/2 
API equivalents, with three major ex¬ 
ceptions: CP/M-like printer and serial- 
port services (functions 3, 4, and 5), 
because the OS/2 file system provides 
much better support for these devices 
by means of file handles; CP/M-like I/O 
services using file-control blocks (func¬ 
tions OFH through 17H plus several 
others), because this approach has be¬ 


come somewhat obsolete since DOS 
2.0; and networking services (codes 
5EH and 5FH), because these are pro¬ 
vided by the OS/2 Network Manager as 
an extension to the API. 

In addition, OS/2 omits support 
for certain DOS services performed by 
other interrupts. Interrupts 25H and 
26H, which perform direct-disk I/O by 
absolute-sector numbers, are totally 


banned in protected mode and are al¬ 
lowed only with restrictions in real 
mode. In real mode, removable disks 
can be read and written, but hard disks 
can only be read. This restriction has 
been added to prevent a real-mode 
task from changing a disk by absolute- 
sector access while a protected-mode 
background task is using the disk 
tlirough the file system. 

Another service not carried over to 
OS/2 is the multiplex interrupt 2FH, 
which allows communication between 
coresident processes in DOS. In its 
place, OS/2 provides a complete set of 
functions for interprocess communica¬ 
tion (see table 9). 

Human interface. Tables 3 through 5 
show the OS/2 functions that replace 
the hodgepodge of techniques that are 
used under DOS to control the basic 
human-interface devices, namely, the 
keyboard, the mouse, and the screen. 
Because DOS support for these devices 
is, in general, anemic, programmers 
have traditionally eschewed the “offi¬ 
cial” API and dealt with it on a ver\/ 
low level—that is, either through the 
ROM BIOS or by accessing the device 
registers and buffers directly. 

This unofficial API has enabled 
crafh^ programmers to create highly in¬ 
teractive programs, such as Lotus 1-2-3, 
but also has posed a serious challenge 
to OS/2 designers. The official (and 
only) API for OS/2 could not support 
these interactive programs if it simply 
duplicated the official DOS API; this 
would make the new operating system 
less attractive because OS/2 would end 
up with many of the problems that 
UNIX programmers encounter when 
they to implement full-screen and 
mouse-driven applications. Eventually 
too much operating-system overhead 
would develop between the application 
programs and the hardware. 

Thus OS/2 designers had to figure 
out how to provide the high perfor¬ 
mance of the unofficial DOS API to sev¬ 
eral application programs running at 
tlie same time. This was no mean feat, 
and tlie results are surprisingly good. 
OS/2 provides API functions that are 
equivalent to many of the BIOS inter¬ 
rupts dealing with the keyboard and 
screen (see tables 3 and 4). 

In many cases, the new OS/2 func¬ 
tions are actually faster than their DOS 
predecessors, because OS/2 replaces 
the single-tasking ROM BIOS routines 
with more efficient multitasking ver¬ 
sions. For applications requiring en¬ 
hanced performance or graphics capa¬ 
bility, OS/2 allows direct access to 
video buffers and device registers. Ac- 
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TABLE 7 • OS/2 Memory’-management Functions 


1NT21H 

FAMILY EQUIV. 

NAME 

DESCRIPTION 

R 

DosAllocHuge 

Allocate huge memoty block 

R 48H 

DosAllocSeg 

AJlocate segment 


DosAllocShrSeg 

Allocate shared segment 

F 

DosCreateCSAlias 

Create code segment alias for data segment 

F 49H 

DosFreeSeg 

Free segment 

F 

DosGetHugeShift 

Get shift parameter for huge blocks 


DosGetInfOvSeg 

Get address of system variable segment 


DosGetSeg 

Get access to segment 


DosGetShrSeg 

Get access to shared segment 


DosGiveSeg 

Give access to segment 


DosLockSeg 

Lock segment in memoiy 


DosMeniAvail 

Get size of largest free memory block 

R 

DosReallocHuge 

Change size of huge memoiy block 

R 4AH 

DosReallocSeg 

Change size of segment 

F 

DosSubAlloc 

AJlocate memory within segment 

F 

DosSubFree 

Free memory within segment 

F 

DosSubSet 

Set memoiy suballocation size 


DosUnlockSeg 

Unlock segment 

F = Full family-inode support 


R = Restricted family-mode support 



Besides allocating and freeing blocks of memory, these functions provide the vari¬ 
ous levels of memory sharing available in a protected-mode environment. 


cess is controlled through locks so that 
several concurrent processes do not 
interfere with one another. 

Video output. Three sample programs 
reproduced in the listings show three 
levels of video output supported by 
OS/2. Listing 1 (boxl.c) is a C function 
that draws an empty box in text mode 
using the API’s BIOS-like video ser¬ 
vices. Listing 2 (box2.c) shows how the 
C function can be written by direct ac¬ 
cess to the logical video buffer. Listing 
3 (box3.c) uses the physical video 
buffer, which is display memory. 

Each listing begins with declara¬ 
tions of the appropriate OS/2 program 
functions and the structures these func¬ 
tions use to pass data to and from the 
caller. Normally, the declarations are 
inserted by including the header file 
subcalls.h, but they are shown for the 
purposes of the examples given here. 
Static data declarations are specific to 
these examples and are not part of any 
standard header file. 

Each variable in the static data area 
defines a display cell, which is a 16-bit 
data item with the video attribute in 
the high-order b\i:e and the ASCII code 
of a character in the low-order b)^e. 
Here, the cells contain the box-drawing 
characters from the extended-ASCII 
character set of the IBM PC. For exam¬ 
ple, the variable vhorz is initialized 
with the value 07C4H; the high-order 


b^l;e (07H) indicates white on black, 
and the low-order b)n;e (C4H) is the 
ASCII code for a horizontal line. 

The first example, the boxl pro¬ 
gram in listing 1, uses two character- 
cell-oriented video functions, 
VioScrollUp and VioWrtCell, which are 
equivalents of similar services per¬ 
formed by the BIOS in real mode. 
VioScrollUp scrolls a rectangular area 
of the screen upward by a specified 
number of rows, filling the vacated 
rows with the specified cell data. This 
function takes seven arguments: the 
first four are the row-column coordi¬ 
nates of the four corners of the 
scrolled area, the fifth specifies the 
number of rows to scroll, the sixth 
points to the cell used to fill the 
scrolled area, and the last is the video¬ 
device handle (zero for default). 

Once the area is cleared by scroll¬ 
ing, the borders of the box are drawn 
by several calls to VioWrtNCell. This 
function writes a cell value to a speci¬ 
fied number of consecutive positions 
on the screen. Its first argument points 
to the cell value, the second is the 
number of cells to be written, the third 
and fourth specify the starting row and 
column, respectively, and the fifth argu¬ 
ment is the video-device handle. 

VioScrollUp performs the same 
function and takes the same input as 
interrupt lOH, function 6. VioWrtNCell 


Dbase* 


programming tools 

*Clipper, FoxBASE-l-, 
dBASE, Quicksilver 

The Ul Programmer 

Ul is the first professional code generator; we 
wrote Ul for programmers who want to automate 
their work but cannot use code that is ‘almost’ 
good enough. If your user interfaces include 
bounce-bar menus, pop-up help screens and 
the other features of today’s best programs, you 
will gain an order of magnitude in productivity 
with Ul. 

Ul is a second generation, programmable pro¬ 
duct — so your code comes out your way. 
Application specific edits, for instance, can be 
placed in the Ul ’template’ which controls the 
generation. Edit the screen appearance until it 
'looks and feels’ perfect. Everytime you generate 
code, your special logic is preserved. 

Speaking of editing the screen, Ul includes a 
powerful, 3-D screen editor, so you can draw 
pop-up help boxes over your pull-down menus, 
over your application. 

The Documentor 

To run Doc, you just tell it the name of the main¬ 
line routine and make sure your printer has a lot 
of paper! (Sure, you can have the output go to 
the screen or a file, too.) 

You can tailor your documentation to include any 
or all of: a table of contents, system tree diagram 
(main line is the root), hierarchy (box diagram) 
charts for each module, action diagrams (modern 
style flow charts) for each PRG or procedure, 

DBF listings (structure, indexes, more), where 
used/updated listings for fields and all variables 
— by module and by line number within each 
module. 

Our written money-back satisfaction guarantee 
set a new standard when we began it in 1985. 
(Return rate to date: 9.6% and dropping!) No 
copy protection, royalties or other nonsense. 

Suggested retail: $295 each, (800) support 
included. At your dealer today. Call us for a very 
special offer on our latest release! (800) 233- 
3569 or, in NY, (212) 406-7026. 

WSoft 

The Computer Aided Software 
Engineering Corporation 

233 Broadway, Suite 869, New York, NY 10279 
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TABLE 8: OS/2 Multitasking Functions 


INT21H 

FAMILY EQUIV. 

NAME 

DESCRIPTION 



DosCreateThread 

Create thread 

R 

4DH 

DosCWait 

Wait for child process termination 



DosEnterCritSec 

Enter critical section 

R 

4BH 

DosExecPgm 

Execute program 

R 

OOH, 4CH 

DosExit 

Exit program 



DosExitCritSec 

Exit critical section 



DosExitList 

Specify exit function list 



DosGetPid 

Get process identification 



DosGetPrty 

Get process priority 



DosKillProcess 

Kill process 



DosMonClose 

Disconnect device monitor 



DosMonOpen 

Connect device monitor 



DosMonRead 

Read from monitor structure 



DosMonReg 

Register monitor buffers 



DosMonWrite 

Write to monitor structure 



DosPtrace 

Process debugging interface 



DosResumeThread 

Restart thread 



DosSelectSession 

Select foreground session 



DosSetPrty 

Set process priority 



DosSetSession 

Set session status 



DosSleep 

Delay process execution 



DosStartSession 

Start session 



DosStopSession 

DosSuspendThread 

Stop session 

Suspend thread execution 



DosSystemService 

Request special process sendees 



DosTimerAsync 

Start asynchronous timer 



DosTimerStart 

Start interval timer 



DosTimerStop 

Stop interval timer 

R = 

Restricted family-mode support 



Multitasking is one of the major attractions of OS/2. Functions are provided to 
control tasli at three integral levels: sessions, processes, and threads. 


is, in effect, one or more calls to inter¬ 
rupt lOH, functions 2 (set cursor posi¬ 
tion) and 9 (write attribute and charac¬ 
ter). As with the corresponding BIOS 
functions, the calling program does not 
need to know the address of the video 
buffer, because the systems keep track 
of such hardware details. 

The next example, box2 in listing 
2, shows a different version that writes 
directly to the logical video buffer. 

OS/2 allocates one of these buffers for 
each screen group, and the program 
can write to it even when executing in 
the background. Then when the ses¬ 
sion manager flips the screen group 
into the foreground, the logical video 
buffer is copied to the physical video 
buffer. This is essentially the same ap¬ 
proach used by IBM’s TopView and 
other DOS multitasking managers. 

After box2 computes the number 
of rows and columns in the requested 
box, it calls VioGetMode to obtain in¬ 
formation about the current display 


mode. This function returns informa¬ 
tion in the ModeData structure. In most 
cases, OS/2 API functions return com¬ 
plex information in structures allocated 
by the application. Most of these struc¬ 
ture formats are defined in the header 
files, and are available merely by in¬ 
cluding the appropriate header files 
(doscalls.h in this case). 

The information returned by 
VioGetMode includes the number of 
rows and columns on the screen. This 
allows the row-column coordinates 
used by box2 to be translated into lin¬ 
ear offsets in the logical video buffer. 

In addition, because the character-cell 
dimensions of the screen are known, it 
is possible to verify that the requested 
box fits within the screen. (This also 
should have been done by boxl, but 
was omitted for simplicity.) 

Next, the buffer address and 
length are obtained using VioGetBuf. 
Then the program uses several for 
loops to insert character cells into the 


buffer, thereby clearing the box and 
drawing the border. Finally, the func¬ 
tion VioShowBuf is called to notify 
OS/2 that the contents of the logical 
video buffer are ready to be copied to 
the physical video buffer. 

One advantage of boxl and box2 
is that either of them will execute even 
when the process is in the background 
and does not have access to the screen. 
The AI^I functions called by boxl auto¬ 
matically use the physical video buffer 
when they are in the foreground and 
the logical video buffer when in the 
background. The method illustrated by 
box2 always uses the logical video 
buffer, but it informs OS/2 (by calling 
VioShowBuf) when the program 
reaches the foreground. The physical 
buffer can be updated at this point. 

Although it is not obvious, the API 
services used in the preceding exam¬ 
ples work only for text mode in that 
they are character- instead of pixel- 
oriented. But what if the display needs 
to be accessed at the pixel level, per¬ 
haps for a graphics application? The 
as-yet-unreleased Presentation Manager 
will address this issue. In the mean¬ 
time, other methods are available for 
controlling the display at the pixel 
level, although these alternatives re¬ 
quire a fair amount of programming. 
The OS/2 API includes functions that 
allow only foreground mode programs 
to read and write directly to the physi¬ 
cal video buffer (see the example pro¬ 
gram box3 in listing 3). 

A program calls the VioScrLock 
function to request direct access to the 
physical video buffer. If this function is 
called from a program running in the 
background, it will not return until the 
program is returned to the foreground. 
When it does return, the calling pro¬ 
gram has complete control of the 
screen and is locked into the fore¬ 
ground; thus the user cannot switch 
away from it with the session manager. 
VioScrUnLock relinquishes this control. 

VioGetPhysBuf maps a physical 
video buffer into the program’s virtual 
address space so that the program can 
read and write to it directly. For pro- 
tected-mode addressing, the function is 
passed the real-mode address and the 
length of a physical video buffer and 
returns one or more selectors (one for 
each 64KB physical segment or portion 
of a segment). The mapping operation 
is needed because a program can use 
only virtual addresses (or logical ad¬ 
dresses) while in protected mode. 

Physical video buffers are located 
between 640KB and 1MB in the real 
address space; their actual locations 
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TABLE 9j 05/2 Interprocess Communication Functions 


FAMILY 

NAME 

DESCRIPTION 


DosCloseQueue 

Close queue 


DosCloseSem 

Close system semaphore 


DosCreateQueue 

Create queue 


DosCreateSem 

Create system semaphore 


DosFlagProcess 

Set process external event flag 

R 

DosHoldSignal 

Disable or enable signals 


DosMakePipe 

Create pipe 


DosMuxSemWait 

Wait for one of several semaphores 


DosOpenQueue 

Open queue 


DosOpenSem 

Open system semaphore 


DosPeekQueue 

Peek at queue 


DosPurgeQueue 

Purge queue 


DosQuen'Queue 

Quer\^ size of queue 


DosReadQueue 

Read from queue 


DosSemClear 

Clear semaphore 


DosSemRequest 

Request semaphore 


DosSemSet 

Set semaphore 


DosSemSetWait 

Set semaphore and wait for clear 


DosSemWait 

Wait for semaphore to clear 


DosSendSignal 

Send signal 

R 

DosSetSigHandler 

Set signal handler 


DosWriteQueue 

Write to a queue 

R = Restricted fcimily-mode siipfjorl 



Although concurrent tasks are normally protected from one another, they can be 
designed to communicate. DOS supports no equivalent functions. 


TABLE 10: 05/2 Miscellaneous Functions 


INT21H 

FAMILY EQUIV. 

NAME 

DESCRIPTION 

F 

BadDynLink 

Called on bad dynamic link 

F 

DosBeep 

Honk horn 

F 

DosCaseMap 

Case-map character string 

R 59H 

DosErrClass 

Classify error code 

R 

DosError 

Enable hard error processing 


DosFreeModule 

Free dynamic link module 

F 

DosGetCollate 

Get collating sequence table 

66H 

DosGetCp 

Get process code page 

R 38H 

DosGetCtndnfo 

Get countiy-dependent information 

F 2AH,2CH 

DosGetDateTime 

Get system date and time 

65H 

DosGetDBCSEv 

Get dual-byte character set 

F 

DosGetEnv 

Get environment string address 

F 

DosGetMachineMode 

Get processor mode 


DosGetModHandle 

Get dynlink module handle 


DosGetModName 

Get dynlink module name 


DosGetProcAddr 

Get dynlink proc address 

F 30H 

DosGetVersion 

Get OS version number 


DosLoadModule 

Load dynamic link module 

F 

DosScanEnv 

Scan environment strings 

66H 

DosSetCp 

Set process code page 

F 2BH,2DH 

DosSetDateT i me 

Set system date and time 

F 25H 

DosSetVec 

Specify exception handler 

/ ■ = I'ldlfamily-mode support 


R = Restricted family-mode support 



Some of the most useful functions do not fit into any previous groups. Except for 
dynamic-link functions, most are DOS function equivalents or extensions. 


depend on the hardware used. To de¬ 
termine which video adapter is present, 
the program calls VioGetMode, which, 
in addition to other information, re¬ 
turns a bit flag indicating if a Mono¬ 
chrome Display Adapter (MDA) or a 
Color Graphics Adapter (CGA) is pres¬ 
ent. The program then uses a real 
buffer address of BOOO:OOOOH for the 
former and B800:0000H for the latter. 

It is important not to attempt to 
access the physical buffer through its 
real-memor\^ address when the process 
is running in protected mode. If this 
occurs, OS/2 probably will abort the 
process for a memory-protection error. 
However, some of the process data 
might be mapped into those virtual 
addresses, in which case a protection 
violation would not occur, but some 
data could be mutilated. 

The example in listing 3 barely 
scratches the surface of the question of 
protected-mode access to the physical 
video buffer. For example, a program 
that uses the Enhanced Graphics 
Adapter (EGA) also must have access to 
the EGA registers. This can be accom¬ 
plished by using the function 
DosPortAccess. In addition, the session 
manager does not automatically save 
and restore graphics information and 
video modes when it switches a pro¬ 
cess from foreground to background 
and vice versa. However, by creating 
tlireads and then calling the functions 
VioModeWait and VioSavRedrawWait, 
OS/2 can be made to indicate when 
these switches occur. The threads can 
wait for a foreground/background switch, 
then they can save and restore the 
video modes and the graphics buffers. 

The Vio function group also in¬ 
cludes rudimentan^ support for pop-up 
message windows through VioPopUp 
and VioEndPopUp. VioPopUp saves the 
current screen’s contents and provides 
immediate access to the screen, even if 
the process is not executing in the 
foreground. In fact, a “super fore¬ 
ground” mode comes into play, provid¬ 
ing exclusive access to keyboard and 
screen until VioEndPopUp is called. 

This feature typically would be 
used to notify the user of some condi¬ 
tion requiring immediate user interven¬ 
tion, regardless of where the program 
is executing. OS/2 uses this feature in 
order to implement a fancy pop-up 
version of the dreaded DOS message 
“Abort, Retry, Ignore.” 

Files and memory management. The file 
I/O services of OS/2 (see table 6) are 
similar to those provided with DOS, 
which is not surprising because the file 
systems in DOS and OS/2 are identical. 
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The most significant OS/2 enhancement 
is its ability to perform asynchronous 
I/O operations—the program can initi¬ 
ate a file read or write and continue 
doing other vvork while the I/O subsys¬ 
tem carries out the operation. Synchro¬ 
nization between the calling process 
and the asynchronous I/O function is 
achieved by means of a RM'I sema¬ 
phore, a form of interprocess commu¬ 
nication described later. 

Table 7 lists the OS/2 memory- 
management services. This category 
covers functions that manage memor\^ 
blocks contained in a single segment 
and in multiple segments, that enable 
the sharing of memory^ blocks by coop¬ 
erating processes, and that control ac¬ 
cess to discardable memory blocks. 

A process uses DosAllocSeg, 
DosFreeSeg, and DosReallocSeg to ac¬ 
quire, release, and resize blocks no 
larger than one segment (up to 64KB). 
These three functions have direct 
equivalents in DOS, as shown in the 
table. OS/2 adds three new services 
called DosSubAlloc, DosSubFree, and 
DosSubSet, which offer a capability 
similar to the malloc and free functions 
commonly used by C programmers to 
suballocate large blocks into smaller 
ones. DosAllocFIuge, DosFreeSeg, and 
DosReallocHuge are used to acquire, 
release, and resize blocks larger than 
64KB. DosFreeSeg also works with 
single-segment blocks. 

In reality, allocating a huge block 
involves allocating the several 64KB 
segments that make up the block. 
DosGetHugeShift returns a value that 
indicates the relationship among these 
several segments; the value is the loga¬ 
rithm to the base 2 of the difference 
between the segment portion of the 
addresses of successive segments in the 
block. In protected mode, the value 
returned is 4, meaning that Z' or 16 
must be added to one segment selector 
to obtain the one for the next segment 
in the block. In real mode, the value 
returned by DosGetHugeShift is 12; 2^“ 
is lOOOH, or the length in paragraphs 
of a physical segment. 

The entire concept of protected 
mode is based on the premise that the 
memory allocated to one process is not 
accessible to the other process. How¬ 
ever, two or more cooperating pro¬ 
cesses can arrange to share each oth¬ 
er’s memory^ for rapid exchange of 
data. Sharing memory requires that the 
same segment descriptors appear in 
the tables of each sharing process. 

Then, when one process writes into the 
shared area, the change is immediately 
“seen” by the other processes. 


TABLE 11: OSI2 Kqiiiritleuts of DOS INT 2111 Functions 


INT21H 

FUNCTION 

OS/2 

FUNCTION 

DESCRIPTION 

OOH 

DosExit 

Terminate 

OlH 

KbdCharln 

Keyboard input 

02H 

VioWrtTTY 

Video output 

03H 


Auxiliaiy input 

04H 


Auxiliaiy output 

05H 


Printer output 

06H 


Direct console I/O 

07H 

KbdCharln 

Direct keyboard input without echo 

OSH 


Keyboard input without echo 

09H 

VioWrtTTY 

Print string 

OAH 

KbdStringln 

Buffered keyboard input 

OBH 

KbdPeek 

Check keyboard input status 

OCH 


Clear keyboard buffer and execute 

ODH 

DosBufReset 

Reset disk 

OEH 

DosSelectDisk 

Select disk 

OFH 


Open file with FCB 

lOH 


Close file with FCB 

IIH 


Search for first directory entiy with FCB 

12H 


Search for next directory entiy with FCB 

13H 


Delete file with FCB 

i4H 


Sequential read with FCB 

15H 


Sequential write witii FCB 

16H 


Create file with FCB 

17H 


Rename file with FCB 

18H 


Reserv'ed 

19H 

DosQCurDisk 

Identify current disk 

lAH 


Set disk transfer address 

IBH 


Get allocation info, for current disk 

ICH 


Get allocation info, for specified disk 

IDH 


Reserved 

lEH 


Reserved 

IFH 


Reserx^ed 

20H 


Reserved 

21H 


Random read with FCB 

22H 


Random write with FCB 

23H 


Get file size with FCB 

24H 


Set relative record field in FCB 

25H 

DosSetVec 

Set interrupt vector 

26H 


Create new program segment 

27H 


Random block read with FCB 

28H 


Random block write with FCB 

29H 


Parse file name in FCB 

2AH 

DosGetDateTime 

Get system date 

2BH 

DosSetDateT i me 

Set sy^stem date 

2CH 

DosGetDateTime 

Get system time 

2DH 

DosSetDateTime 

Set system time 

2EH 

DosSetVerify 

Set/reset disk verify mode 

2FH 


Get disk transfer address 

30H 

DosGetVersion 

Get version number 

31H 


Terminate and stay resident 

3211 


Reserx^ed 

33H 

DosHoldSignal 

Set/reset abort key check 

34H 


Reserved 

35H 


Get interrupt x^ector 

36H 

DosQFSlnfo 

Get disk free space 

37H 


Reserx^ed 

38H 

DosGetCtiyInfo 

Set/get country^ information 
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INT2m 

FUNCTION 

OS/2 

FUNCTION 

DESCRIPTION 

39H 

DosMkDir 

Make directory 

3AH 

DosRmDir 

Remove directory 

3BH 

DosChDir 

Change current directory 

3CH 

DosOpen 

Create file 

3DH 

DosOpen 

Open file 

3EH 

DosClose 

Close file 

3FH 

DosRead 

Read from file 

40H 

DosWrite 

Write to file 

41H 

DosDelete 

Delete file 

42H 

DosChgFilePtr 

Change file position 

43H 

DosQFileMode 

Get file mode 

43H 

DosSetFileMode 

Change file mode 

44H 

DosDevIOCtl 

Execute device control operation 

45H 

DosDupHandle 

Duplicate file handle 

46H 

DosDupHandle 

Force file handle duplication 

47H 

DosQCurDir 

Get current directory 

48H 

DosAllocSeg 

Allocate memory segment 

49H 

DosFreeSeg 

Free memory segment 

4AH 

DosReallocSeg 

Change segment size 

4BH 

DosExecPgm 

Load and execute program 

4CH 

DosExit 

Terminate 

4DH 

DosCWait 

Get child process return code 

4EH 

DosFindFirst 

Find first matching file in directory 

4FH 

DosFindNext 

Find next matching file in directory 

50H 


Resei*ved 

51H 


Reserved 

52H 


Reserved 

53H 


Reserved 

54H 

DosQVerify 

Get disk verify mode 

55H 


Reserved 

56H 

DosMove 

Rename/move file 

57H 

DosQFileInfo 

Get file’s date and time 

57H 

DosSetFilelnfo 

Set file’s date and time 

58H 


Reserved 

59H 

DosErrClass 

Get extended error information 

5AH 


Create unique file 

5BH 

DosOpen 

Create new file 

5CH 

DosFileLocks 

Lock/unlock file section 

SDH 


Resei*ved 

5E00H 


Get machine name 

5E01H 


Set printer initialization string 

5E02H 


Get printer initialization string 

5F02H 


Get redirection list entry 

5F03H 


Redirect device 

5F04H 


Cancel redirection 

60H 


Reserved 

61H 


Resei*ved 

62H 


Get program segment prefix address 

63H 


Reserved 

64H 


Reserved 

65H 

DosGetDBCSEv 

Get extended countr>^ information 

66H 

DosGetCP 

Get global code page 

66H 

DosSetCP 

Set global code page 

67H 

DosSetMaxFH 

Set handle count 

68H 

DosBufl^eset 

Commit file 


Most documented DOS services have OS/2 equivalents. Major exceptions are DOS 
services carried over from CP/M, such as those for FCB-oriented file I/O. 


Shared memory is allocated by 
calling DosAllocShrSeg, which is the 
same as DosAllocSeg, except that it al¬ 
lows the programmer to name the allo¬ 
cated segment. Other processes then 
can gain access to tlie segment by call¬ 
ing DosGetShrSeg with the same name. 

Another way to allocate a segment 
for sharing is to call DosAllocSeg, fol¬ 
lowed by DosGiveSeg. In the latter call, 
the program first identifies the process 
that is to share the segment; subse¬ 
quently, the program sends that pro¬ 
cess a handle, which it, in turn, passes 
on to the DosGetSeg function in order 
to gain access to the segment. 

Obviously, the sharing processes 
must have some prearranged way of 
cooperating. The two processes must 
agree either on the name of the shared 
segment or on the method by which 
the segment handle will be passed. 

Whenever a segment is allocated 
by using any of the above methods, the 
segment can be identified as “discard¬ 
able.” Thus the operating system can, 
in the interest of efficiency, reclaim the 
segment whenever it is not locked. 
DosLockSeg must be called in order to 
use the segment. If that function re¬ 
turns an error code, indicating that the 
segment has been discarded, the pro¬ 
gram must call DosReallocSeg to get 
the memory back. DosUnlockSeg then 
should be called when the segment is 
no longer required. 

Discardable segments can be used 
to store useful, but nonessential data, 
such as disk-cache buffers. Unlocking a 
segment is a conditional deallocation 
since data in that segment might still 
be in memory when the segment is 
next locked. If this is so, the program 
can avoid the overhead of reallocating 
memory and reconstructing data (per¬ 
haps with time-consuming I/O). 

Task management. Because the creation 
and management of concurrently exe¬ 
cuting tasks is one of its distinguishing 
features, OS/2 provides a copious rep¬ 
ertoire of services for multitasking con¬ 
trol (see table 8). These services man¬ 
age the various levels of tasks within 
OS/2, including sessions, processes, 
threads, and monitors. Task manage¬ 
ment is only summarized here; for 
more details on this topic, see “Multi¬ 
ple Tasks,” Steven Ai'mbrust and Ted 
Forgeron, this issue, p. 90. 

A session (also called a screen 
group) is a set of one or more tasks 
with one logical-screen buffer and one 
keyboard. Only tasks in the same ses¬ 
sion can display windows on the 
screen simultaneously. The user t^q^i- 
cally starts a session by means of the 
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session manager, a utility program sup¬ 
plied with OS/2. The four functions, 
DosStartSession, DosStopSession, 
DosSelectSession, and DosSetSession, 
generally are called only by the session 
manager; however, these functions are 
available so that, if necessary, the pro¬ 
grammer can create a different session 
manager for special occasions. 

A process is normally regarded as a 
program and associated with an execut¬ 
able file that can be loaded either by a 
user command or by another process. 
Each screen group consists of a pri- 
mar^^ or parent, process typically 
started by the user and possibly several 
child processes started by other pro¬ 
cesses within the group. 

Each process is created by using 
DosExecPgm, which is analogous to the 
DOS Exec but with one important dif¬ 
ference: the newly created child pro¬ 
cess runs concurrently with its parent; 
that is, the call to DosExecPgm returns 
immediately, not when the child pro¬ 
cess terminates. If the parent process 
must wait for the child to terminate, it 
calls DosCWait. Process creation is usu¬ 
ally time consuming because OS/2 
must load a program file and connect 
it to whatever dynamic-link libraries it 
uses. Along the way, it must perform 
many resource-allocation steps in order 


to secure both the memor>^ and the 
standard I/O resources that would be 
required later on by tlie process. 

Creating a thread, or separate exe¬ 
cution path, is somewhat similar to 
calling a subroutine within a program, 
but then continuing to execute the 
code while the subroutine executes 
concurrently. All the threads of one 
process share memor}^ files, and data. 
Establishing a thread is much simpler 
than creating a process, because no 
program-loading and complex re¬ 
source-allocation steps are required. 

A thread is the dispatchable object 
in OS/2. When the OS/2 scheduler de¬ 
cides the order of priority for CPU use, 
it scans a list of threads ready to exe- 
CLrte and dispatches control to the 
highest-priority thread, regardless of 
the process to which it belongs. 

Threads terminate by calling 
DosExit. When the last thread in a pro¬ 
cess terminates, the process terminates 
automatically. A parent process also can 
force one of its child processes to 
terminate by DosKillProcess. In addi¬ 
tion, any process can use DosExitList to 
establish a list of internal functions to 
be called during termination. Usually 
these perform clean-up actions such as 
releasing resources that might be 
needed by other processes. 
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The set of functions with names 
that begin with DosMon is used to at¬ 
tach a thread to a character device 
(such as the keyboard, screen, or 
printer) to monitor the data stream 
entering or exiting the device. These 
facilities replace the chaotic schemes 
used by DOS TSRs implementing hot¬ 
key utilities and output processors. 

When a thread is installed as a 
monitor, it can process data from the 
device I/O stream before tliese data 
reach the process requesting input or 
the device that is the destination of the 
output. In an input stream, the monitor 
tlien can replace the original data, or it 
simply can delete the data after taking 
appropriate action. The former occurs 
if the monitor is a keyboard macro 
processor, such as RoseSoft’s ProKey or 
Borland’s SuperKey, that expands a sin¬ 
gle keystroke into a string of charac¬ 
ters. The latter applies if the monitor is 
a pop-up desk accessory^ such as Bor¬ 
land’s SideKick or Lotus Metro, tliat is 
activated by a hot key but that does 
not, however, pass that key on. 

For output, a monitor could act as 
a print spooler, collecting characters 
for the printer at high speed, notifying 
die sending program that the printer 
has accepted them, saving them in a 
buffer in memory or on disk, and later 
doling them out to the printer at what¬ 
ever speed that the device could toler¬ 
ate. The spooler that is supplied with 
the initial version of OS/2 is imple¬ 
mented in just this fashion. 

Interprocess communication. Along with 
its multitasking capabilities, OS/2 has a 
rich set of interprocess communication 
services (table 9) that encompasses all 
the techniques popularized in systems 
such as UNIX and includes signals (or 
event flags), semaphores, pipes, queues 
(also called message lists or mail¬ 
boxes), and shared memory. 

A signal is essentially a one-bit 
message sent from one process to an¬ 
other. A process calls DosFlagProcess 
or DosSendSignal to send a signal to 
another process. The receiving process 
calls DosSetSigHandler to identify the 
routine to execute when a signal is re¬ 
ceived and DosHoldSig to enable or 
disable the receipt of the signal. The 
most common source of signals is 
OS/2’s announcing that the user has 
pressed the abort or interrupt keys. 

A semaphore also is essentially a 
one-bit message, but it is more flexible 
than a signal. Either sy’stein semaphores 
or piivate semaphores can be created. 

A system semaphore has a name and 
can be accessed by any process that 
knows the name. A private semaphore. 


126 


CIRCLE NO. 183 ON READER SERVICE CARD 


PC TECH JOURNAL 


'Ada is a registered trademark of the U.S. Government (AJPO). 


♦ ♦ 


♦ 

♦ 


Introducing PC AT Version 3 

The Serious Ada Compiler 
For Serious Ada Prograrrrmers 



If you're a serious Ada programmer today, or expect to be one—if 
you’re serious about DoD business and those new DoD directives 
—you look for a lot more in your Ada compiler than just validation. 
And the new fourth-generation Alsys Ada compiler 'Version 3 for 
the PC AT and compatibles gives it to you. 

Take code quality, for example. Version 3 generates the highest 
quality code of any Ada compiler on any machine! Check the PIWG 
benchmarks, and those of U-Michigan. Compare the quality with 
code from the mature C and Pascal compilers you’re used to. Check 
especially where you might need quality most, and where Version 3 
shines—in the implementation of procedure calls and exceptions. 
The elimination of code associated with unused subprograms gives 
you large reductions in code size in many applications. 

Consider the Runtime Executive. True production quality. No 
exception-handling overhead is incurred unless an exception is 
actually raised. The Runtime is optimized for programs running in 
limited memory, or running for a long time. That’s serious. 

Consider the Ada-specific high level optimizer technology (not 
derived from Fortran or C) that removes redundant constraints 
checks and does so much more for code quality. 

Consider robustness and reliability. Version 3 is written in Ada 
and bootstrapped through itself. That’s proof right there that it will 
compile 400,000 lines of Ada code. Beyond validation, we test our 
compilers on hundreds of thousands of lines of extra code—from 
the ACEC tests, and from Ada Repository programs, and from our 
own specially designed code that breaks most other compilers. 


There’s a lot more that’s serious about Version 3. The new Multi- 
Library environment, for example, that maximizes the efficiency 
of programming teams; error messages that correct, instruct, and 
speed the programming process; human engineering; superb 
documentation and customer support. 

Send for our free brochure 
The Many Facets of Quality. 


is; human engineering; superD 
lupport. ^ 


In the US: Alsys Inc.. 1432 Main St.. Waltham. MA 02154 Tel: (617) 890-0030 
In the UK: Alsys Ltd.. Partridge House, Newtown Rd.. Henley-on-Thames. 


Oxon RG9 lEN Tel: 44 (491) 579090 


In the rest of the world: Alsys SA. 29 Avenue de Versailles. 78170 La Celle 
St. Cloud. France Tel: 33 (1) 3918.12.44 


CIRCLE NO. 105 ON READER SERVICE CARD 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


-Send me The Many Facets of Quality. 

-Send me more information on the PC AT Version 3 Compiler. 


-Call me. 


Name- 


Company- 

Address_ 

City_ 


-State- 


Zip 


Phone- 


PCTJ 11/87 


Alsys. Inc. • 1432 Main Street 'Waltham; MA 02154 

















THE FLEXIBLE INTERFACE 


or, in other words, a RAM semaphore, 
simply is a 32-bit value that is allocated 
in memory space and shared by all of 
the cooperating threads. 

A semaphore typically provides 
orderly access to some shared re¬ 
source. For example, if several cooper¬ 
ating threads are adding data to a 
shared buffer, a semaphore could be 
associated with the buffer. Then each 
thread would call DosSemRequest be¬ 
fore writing into the buffer and call 
DosSemClear when it was finished. The 
former call does not return until the 
semaphore is clear (signifying that no 
other process is writing to the buffer), 
although a time-out value on the re¬ 
quest can be specified to avoid a lock¬ 
up if the program that currendy owns 
the semaphore goes west. 

OS/2 also allows semaphores to be 
used as signals or event flags since one 
process can set a semaphore and then 
wait until another process clears it. 

This is the mechanism used to deter¬ 
mine when an asynchronous file I/O is 
complete. Before calling the I/O func¬ 
tion, a thread calls DosSemSet to set a 
RAM semaphore. It then calls functions 
DosReadAsynch or DosWriteAsynch, 
passing the address of the semaphore 
as one of the parameters, and contin¬ 
ues with other processing while the file 
activity proceeds concurrently. When 
the I/O is complete, OS/2 clears the 
semaphore. The thread requesting the 
I/O can determine when the I/O has 
completed by calling DosSemWait, 
which does not return until the speci¬ 
fied semaphore is clear. 

DosMuxSemWait also can synchro¬ 
nize multiple threads. It receives a list 
of semaphores, waits until one of them 
is cleared, then returns the index of 
the cleared semaphore. 

Pipes can be compared to byte 
stream files that are simultaneously 
being written by one process while 
they are being read by another. In fact, 
once that a pipe is established by using 
the DosMakePipe function, it can be 
accessed through the normal file I/O 
read and write functions. 

Pipes typically are used to connect 
filter processes, which simply read data 
from an input file, filter the data, then 
write the new data to an output file. A 
good example is a two-pass compiler 
in which the process running as the 
first pass reads the source file, converts 
it to an intermediate form, and pipes 
those data to the second pass, running 
as a separate process. 

Queites are similar to pipes in that 
each queue typically has one or more 
writers and a single reader. However, 


the data on a queue are structured into 
records, and the reader can remove the 
records in any order. With a pipe, the 
reader can remove the data only in the 
order in which they were written, and 
a pipe provides no system-supported 
way for the reader to discern the rec¬ 
ords within the data stream. 

Whereas queues are arguably the 
most flexible of the OS/2 interprocess 
communication facilities, they also are 
the most difficult to use, because each 

I/Ss easy extendibility 
could lead OS/2 into a fer¬ 
tile new market where DOS 
has not done very well — 
namely, customized systems. 


record placed on a queue must reside 
in a shared segment accessible to both 
the writer and the reader. 

Miscellaneous functions. Table 10 lists 
the other assorted API functions. 
DosFreeModule, DosGetModHandle, 
DosGetModname, DosGetProcAddr, and 
DosLoadModule provide direct control 
of the loading and deletion of dynami¬ 
cally linked modules and would be 
used by a program controlling dynamic 
linking at call time. Load time is han¬ 
dled automatically by OS/2. 

BadDynLink is called by the 
family-mode stub if the program at¬ 
tempts to use a nonfamily API function 
while in DOS mode. The standard ver¬ 
sion aborts the program, but the pro¬ 
gram can replace it with another for 
different error handling. 

The functions DosGetVersion and 
DosGetMachineMode provide addi¬ 
tional support for family-mode pro¬ 
grams. The former function can be 
used to distinguish between DOS and 
OS/2. The version number of the initial 
release of OS/2 is 10; when it is called 
by a family-mode program running 
under DOS, the first function returns 
the same value as DOS function 30H. 
The second function distinguishes be¬ 
tween the real and protected modes of 
OS/2 and also indicates real mode if it 
is called under DOS. 

DosCaseMap, DosGetCollate, 
DosGetCtryInfo, and DosGetDBCSEv 
are the primary ways in which an ap¬ 
plication can be adapted to work in dif- 
jferent countries using the appropriate 
character sets, currency and date for¬ 


mats, and so on. Although DOS pro¬ 
vides similar services, OS/2 has ex¬ 
panded them considerably. 

FLEXIBLE EXTENSIONS 

The addition of new features such as 
the Network Manager and the Presenta¬ 
tion Manager will extend the basic defi¬ 
nition of OS/2 presented in version 1.0. 
One of the main strengths of the new 
API service protocol is that it can be 
extended gracefully. 

Adding a set of features involves 
writing a set of functions that conform 
to the OS/2 protocol described in this 
article, then incorporating them into a 
link-time definition library and a run¬ 
time dynamic-link library. To make the 
new capabilities more accessible to 
developers, it is desirable to provide 
header files declaring the functions and 
their data structures. So far, specifica¬ 
tions conforming to this scheme have 
been released by Microsoft for the Net¬ 
work Manager and joindy by IBM and 
Microsoft for the Presentation Manager. 
IBM also has announced its intention to 
develop future enhancements to sup¬ 
port communications and database ac¬ 
cess. The OS/2 design allows exten¬ 
sions to be incorporated into the sys¬ 
tem automatically with no changes to 
the existing components. Therefore, 
anyone can develop extensions, not just 
the original developers. 

This easy extendibility could lead 
OS/2 into a fertile new market where 
DOS has not done very well—namely, 
customized systems. Although DOS has 
been adequate for desktop worksta¬ 
tions, it has not been easily adapted for 
use in such realtime applications as 
point-of-sale systems, factory automa¬ 
tion, and message switching. With the 
flexible OS/2 API, the developer can 
add the services specific to such appli¬ 
cations with facility. He can smoothly 
substitute custom versions of OS/2 
modules such as the session manager 
and command processor because they 
use the standard API—and not some 
mysterious interface such as the one 
between DOS and COMMAND.COM. Fi¬ 
nally, OS/2’s features make it attractive 
for customized applications with real¬ 
time processing requirements. 

Even straight out of the box, OS/2 
is vastly superior to DOS. Its true 
strength, however, lies not in its pres¬ 
ent form but in its potential for growth. 
Given OS/2 API’s intrinsic flexibility, its 
horizons are boundless. Lmiiniiiii^j 


David A Schmitt, president of Lattice, Inc., 
developed the Lattice C library and recently 
directed its adaptation to OS/2. 
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TURBO PASCAL 
AND TURBO C.. 





“Ideal! TurboHALO does the job 
comparable to packages costing 
S3000 to $4ooor 
Jim Bromley 
Superintendent of 
Spectrum Management 



“I like the speed of 
TurboHALO...it’s ten times faster 
than the competition.” 
Deniz Terry 
Doctoral Candidate 


“TurboHALO is so fun... 

I use it to design 
programs as a hobby...It’s got 
lots of ability.” 
William Porter 
Control Systems Manager 



“We evaluated all of the graphic 
development packages for Turbo 
Pascal, and TurboHALO was the 
hands down winner!” 

Quinn Curtis 

Largest New England Distributor 


It’s time to put graphics 
into your programming. 

A picture’s worth a thousand words. 
So your programming isn’t complete 
until you have graphics. TurboHALO 
brings your screen and printer to life 
with subroutines that draw, chart, map, 
and display. All with color, shape, 
clarity, perspective and motion. With 
TurboHALO, create any picture you 
can imagine. 


TurboHAJLO gives you 
graphics power. 

TurboHALO gives you everything you 
need for Turbo C and Turbo Pascal 
graphics programming. A library of 
over 150 graphics subroutines. Drivers 
for over 42 graphics hardware devices 
for the IBM PC family and compatibles. 
You can create the images you want, 
on the hardware you have! 
Fast, proven and reliable. 
TurboHALO is up to ten times faster 
than other graphics toolkits. And with 
TurboHALO you get proven, reliable 
programming tools used by 
professionals for years. 
You’ll like ThrboHALO or your 
money back! 
TurboHALO is available for only $ 95 . 
You get an unconditional 45-day 
money-back guarantee on TurboHALO. 
To order, call your dealer or IMSI at 
(415) 454-7101 or (800) 222-4723; in 
CA (800) 562-4723; in Washington DC 
(202)363-9340 or in NC (919) 854-4674. 


YES, I want to see the difference 
TurboHALO makes in my graphics 
programming! Rush me the followmg 
TurboHALO Graphics Toolkit(s) @ $95 
each plus $5 shipping. California 
residents add 6% sales tax. 


□ TurboHALO for Turbo Pascal 

□ TurboHALO for Turbo C 

□ Check enclosed for $ _ 

(made payable to IMSI) 

^Charge my credit card 
forS _□ VISA □ MasterCard 


FOR 

GRAPHKS 

PROGRAMMINO 


SignntuK 

Card Number Expiration Date 

Name, 

Title 


Company 

Street 


City State Zip 



TurboHALO requires 256K memory (min); memory resident drivers require 2K (Thrbo Pascal only); DOS version 2.0 or higher; Borland language/compiler required. TurboHALO is a trademark of 
Media Cybernetics and IMSI. TUrbo C and TUrbo Pascal are trademarks of Borland. 
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THE FLEXIBLE INTERFACE 




If working with DOS was easy, 
you wouldn’t need TopDOS! 


Let’s face it: working with DOS can humble even the most 
advanced user. Which is why we created TopDOS. 

‘*As a program that offers to improve DOS, TopDOS is a marvel.” 
-InfoWorld 

TopDOS makes working with DOS simple by providing a 
RAM-resident full-featured text editor, enhanced 
command-line editing, on-line help for DOS commands, 
and a dynamic TREE command that instantly displays 
your hard disk directory structure and provides simple 
point-and-shoot commands to copy, delete, move, edit 
and execute files. 

”One way to make DOS better, if not the best, is a product called 
TopDOS. Its HISTORY command, which lets you replay previous DOS 
commands, is worth the price of admission alone ...” 

— Business Software 

TopDOS makes working with DOS easy by adding UNIX- 
like features such as a HISTORY command, a MOVE 
command for moving files between directories, an ALIAS 
feature for creating custom DOS commands, and the fastest 
WHEREIS command ‘thereis’ for instantly locating files. 

“TopDOS is a well-designed, well-executed product. It comes with an 
excellent manual and quick-reference card, augmented by on-line help.” 

— PC Tech Journal 

TopDOS even makes working with DOS fun' with tricks 
like auto-command and filename completion, a transposi¬ 
tion command in case you type “coyp” instead of “copy”, 
keyboard macros, automatic screen blanking, EGA support 
in 43 line mode and much more. 

“This is a software package that you’ll soon wonder bow you ever did 
without.” — The I^s Angeles Times 

Before DOS gets the best of you, get the best of DOS, with 
TopDOS. Suggested retail price: $69.95. 

For the dealer nearest you, or to order by phone call 

(800) 654-7494 

(«18) 376-1322 in CA. 

30-Day, Money-Back Guarantee. 

^FrontRunner 

OeVElOPMEMT CORPOMHON 

14656 Oxnard Street, Van Nuys, CA 91411 



TopDOS runs on any IBM PC/XT/AT or compatible with DOS 2.0 or later. 
Requires 40K. NOT Copy Protected. All orders add $3.00 shipping. CA residents add 
6.5% sales tax. Send $5.00 for demo disk. 

MS-DOS is a trademark of Microsoft. IBM is a registered trademark of 
International Business Machines. UNIX is a trademark of Bell Labs. TopDOS is a 
trademark of FrontRunner Development Corporation. 


USTINGI: BOXl.C 

/* B0X1 function; draw a box using VI0 screen functions */ 

/* External declarations for OS/2 API functions. */ 

extern far pascal VlOSCROUUP(short,short,short,short,short, 
short far *,short); ,, 

extern far pascal VI OWRTNCELK short far *,short,short,short.short); 
/* Static data */ 


static 

static 

static 

static 

static 

static 

static 


unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 

unsigned 


short vhorz = 0x07c4; 
short wert » 0x07b3; 
short vulc s 0x07da; 
short vile = 0x07c0; 
short vurc = OxOTbf; 
short vlrc « 0x07d9; 
short vfill = 0x0720; 


/* horizontal line ’*/ 

/* vertical Una 
/* upper left corner */ 
/* lower left corner */ 
/* upper right corner */ 
/* lower right corner */ 
/♦fill value ♦/ 


/* synopsis 


error * boxl(d); 
int error; 
unsigned short *d; 


* description Draws a box on the screen using the tine 

* characters defined above in the static data area. 

* The interior of the box is reset to the fill value. 


The caller must pass a pointer to an array of 4 
integers arranged as follows: 

dtO] s upper left row number 
d[1] = upper left column number 
d[2] = lower right row number 
d[3] = lower right column number 


If this array defines an invalid box, then the 
fiffiction returns -1. Otherwise, it returns 0. 


boxKd) 

imsighed short *d; 
T 

int i,rows,cols; 


rows = dt2] - dIO] - 1; 
if(rows <= 0) return(-l); 


/* compute rows within box V 
/* fail if no rows */ 


cols s d[3] - dM] - 1; /* compute columns within box ♦/ 

if(cols <= 0) return(-l); /* fail if no columns */ 


VI0SCR0LLUP(dC0],dCl],dC2],d[3],rows+2, /* clear the box V 
(short far *)(&vfill),0); 

/* Draw the four corners */ 

VIOWRTMCELL((short far *)(&vulc),1,dt0I,dEl3,0); 

VIOWRTNCELL((short far *)(&vurc),1,d[0],d[3],0); 

VIOWRTNCELK(short far *)(&vllc),1,d[2] ,d[1] ,0); 

VIOWRTNCELK(short far *)(&vlrc),1,d[2] ,d[3] ,0); 

. /* Draw upper/lower borders */ 

VIOWRTNCELK (short far *)(&vhorz),cols,dE0],d^l+1,0); 
VI0WRTNCELL((short far ♦)(&vhorz),cols,dE2],dEl3+1,0); 


/* Draw left/right borders */ 
for(i s 0; i < rows; i++) 

VIOWRTNCELK (short far *)(&vvert),1,dE0]+i+1,dE1],0); 
VI0WRTNCELL((short far *)(&vvert),1,d[0]+i+1,dE33,0); 
> 

return(O); /* success return */ 

> 

USTING2: BQX2.C 

/* B0X2 function; draw box in logical video buffer V 


/* External declarations for OS/2 API functions. */ 

extern far pascal VIOGETBUFdong far *, short far ♦, short); 
extern far pascal VI0GETM0DE(struct ModeData far *, short); 
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provides complete information, advice, guarantees and every product for Microcomputer Programming. 


ANSI 85 
COBOL 


Item', TSCOB COBOL Compiler Development System 
Level', Full level-2/FIPS high level 
Contents: All modules from ANSI 85/74 standards; 
ISAM package; Runtime System; 
reference and operational manuals 
Computer: IBM PC/XT/AT and compatibles 
Operating System: MS/DOS, PC/DOS 2.0+ 

Memory Requi rement : 128K 

Price: Unbeatable 

A1 so Available: TSCED Full Screen Programming Editor 

Features: Pulldown menu; Searching/Replacing text; 
Inserting/Deleting text; Block Support; 
Multiple Windows/files; System Interface; 
Programming Support 
More Information: Call 1-800-421-8006 


TSCOB only $295 
TSCED only $ 65 


TSCOB & TSCED $330 


TANECO SYSTEMS, INC. 

17461 Irvine Blvd., Ste. K, Tustin, CA 92680 
Tel: (714) 832-3922 Fax: (714) 544-6448 


NEW! From Sterling Castle,,, 

BASIC Development Ibols 

Powerful “Automatic Programming” Tools 
That Save You Hours of Valuable Time. 


The novice or power programmer, can easily add these professional features. 

■ Screen Builder 

■ B+ Tree 

■ EZ Screen Pop-up Windows 

■ Help Message System 

BASIC Development Tools^'^ (BD'F’^) is 
compatible with the newest, fastest compilers, 
including Micro.sofl QuickBASICs^ and Borland 
Turbo Basic In BDT you have four powerful 
aids that can be used separately or together. 

Screen Builder System translates the painted 
screen image into BASIC code which then can be merged in your program. 

B+Tree Data Manager is a very fast data file index system providing both 
direct and sequential access to data. Complete source provided. 

EZ Screen Pop-up Window Manager, written in assembler, easily inserts 
menus, windows, notepads. Saves a portion of the screen to/from a buffer. 

Help Message System allows the creation of context sensitive help mes.sages in 
your application program. 

With BDT you have four of the most popular programming aids for $99.00 
Includes two diskettes and 220 page manual. 

60 DAY FREE FRIAL. STERLING CASTLE'”^ 

ORDER TODA^ ! (800) 722-7853 Slcrlmg CaMle. 702 Waxhington Si.. Suiie 
(213)306-3020 in California Mannadd Re>.CAv<) 2 v 2 




All trademarks acknowlcdeed. 



Since 1981 HALO 
has been the 
industry standard 
library of graphic 
subroutines for the PC 
HALO has the largest inst 
ailed base of end-users and 
more ISV’s than any graphics 
software environment. 

Why? Because HALO grows with the 
industry. Graphics experts at Media 
Cybernetics are constantly improving 
HALO and expanding its compatibility. 
HALO supports 16 programming 
languages and over 125 devices. 
HALO is also compatible with IBM's 
new hardware series. 

Media Cybernetics offers HALO 
programmers professional support, 
flexible, practical licensing terms, and 
the continuing commitment to assure 
that HALO will always be the most 
effective graphic toolkit in the industry. 

List: $300 Oun $205 


Call Today for FREE detailed 
information or try Risk-Free for 31 days, 
any product on this page. 


DON’T WASTE YOUR TIME! 

Save it with BSW-Make 


BSW-Make is now faster and more powerful than ever! BSW-Make 
speeds software development, by automating the chore of rebuilding 
complex software products after an editing session. No more missed 
compiles — no more wholesale “just in case” recompilations of the 
whole product. BSW-Make performs the minimum set of compila¬ 
tions, assemblies, and links required to correctly update your software 
after each edit. Rrst time — every time. A major timesaverl 

• Now imports environment variables (MS-DOS) and logical 
names (VMS) 

• Now supports .INCLUDE, .IGNORE, and .SILENT directives 

• Macro facility now supports string substitution 

• Syntax compatible with UNIX make 

• Works with any compiler, assembler, or linker 

• For MS-DOS: only $89.95 PS Price: $79 

• For VAX/VMS: as low as $295.00 PS Price: $279 


30-day unconditional guarantee! 


Version 6 now shipping! 


The Boston Software Works, Inc. 

120 Fulton Street, Boston, MA 02109 


800-421-8006 


THE PIUM^MMMEirS SliBP^ 

Vour complete source for software, services and answers I 


5-P Pond Park Road, Hingham, MA 02043 
Mass: 800442-8070 or 617-740-2510 8/87 
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Introducing the 

DIGIBOARD COM/Xi Series front-end processor. 
Intelligent multi-channel communications boards 
400% faster than the industry standard. 

Like our popular COM/X Series, they provide 
users of PC/XT/AT-compatible computers with four 
or eight individually addressable serial ports. But 
with the new COM/Xi series we’ve added: 

• an 80188 co-processor operating at 10 MHz 

• 256K of dual-ported RAM + 16KofROM,all 
accessible to user/ programmers for appUcation 
and security software development 

• a modular design that allows us to custom- 
tailor I/O to individual customer requirements. 
On-board intelligence means more speed for 

multi-user operating systems and multi-channel 
data collection and dissemination. 

And makes the new DIGIBOARD COM/Xi 
Series a more intelligent choice for you. 


Plugging you into Tomorrow. 


Call 1-800-344-4273. In Minnesota, (612) 922-8055 


THE FLEXIBLE INTERFACE 


extern far pascal VIOSHOWBUF(short,short,short); 


struct ModeOata 
C 

short length; 
char type; 
char colors; 
short cols; 
short rows; 
short pools; 
short prows; 
>; 


/* data area for VIOGETMOOE */ 

/* length of structure */ 

/* display type */ 

/* number of colors */ 

/* number of text columns */ 

/* number of text rows */ 

/* number of pixel columns */ 
/* number of pixel rows */ 


/* Static data */ 


static unsigned short vhorz = 0x07c4; 
static unsigned short wert = 0x07b3; 
static unsigned short vulc = 0x07da; 
static unsigned short vile = 0x07c0; 
static unsigned short vurc = OxOTbf; 
static unsigned short vlrc = 0x07d9; 
static unsigned short vfill = 0x0720; 


/* horizontal line V 
/* vertical line */ 

/* upper left corner */ 
/* lower left corner */ 
/* upper right corner */ 
/* lower right corner */ 
/* fill character V 


/* synopsis 


error = box2(d); 


unsigned short *d; 


* description 


Same as boxl. Also returns -1 if any OS/2 
function returns an error. 


box2(d) 

unsigned short *d; 

{ 

int i,j,rows,cols; 
int trx,brx; 
short far *b; 
short s; 

struct ModeOata mode; 


/* miscellaneous */ 

/* index to top and bottom rows */ 
/* logical video buffer pointer */ 
/* size of video buffer */ 

/* data area for VIOGETMOOE */ 


rows = d[23 • d[0] • 1; /* compute rows within box */ 

if(rows <= 0) return(*1); /* fail if no rows */ 

cols = d[3] - d[1] - 1; /* compute columns within box */ 

ifCcols <= 0) return(*1); /* fail if no columns */ 

mode.length = sizeof(struct ModeOata); /* get video mode V 

if(VIOGETMOOE((struct-ModeOata far *)(&mode),0)) return(-l); 


if(dC2] >= mode.rows) return(-1); 
if(d[3] >= mode.cols) return(-l); 


/* fail if off screen */ 
/* ditto */ 


trx = d[03 * mode.cols + d[13; /* compute top row index */ 

brx = d[23 ^ mode.cols + d[l3; /* compute bottom row index */ 

/* get video buffer address */ 
if(VIOGETBUF((long far *)(&b),(short far *)(&s),0)) 
return(*1); 

/* Insert characters into video buffer */ 


b[trx3 = vulc; /* upper left corner */ 

b[brx3 = vile; /* lower left corner */ 

for(i =1; i <= cols; i++) /* top and bottom borders V 

€ 

b[trx+i3 = vhorz; 
b[brx+i3 = vhorz; 

> 

b[trx+i3 = vurc; /* upper right corner */ 

b[brx+i3 = vlrc; /* lower right corner */ 

for(j =1; j <= rows; j++) /* left and right borders */ 

trx += mode.cols; 
b[trx3 = wert; 

for(i =1; i <= cols; i++) /* and also erase interior of box */ 

bCtrx+i3 = vfill; 
bCtrx+i3 = wert; 

} 


/* upper right corner */ 

/* lower right corner */ 

/* left and right borders */ 
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Make $500/hr. 


Now develop DBMS applications 10 times faster for 





smdniasvgp 


PARADOX 


Beveiation 


Money back guarantee 


only $199 with MAGIC PC 


or your money back! 


import/export, etc.) with full color and gra¬ 
phics. You no longer fall between the cracks 
dealing with separate and inconsistent 
programming utilities. 

‘ Free LAN features 

Develop multi-user applications for 
local area networks with Magic PC’s 
automatic support for file and 
record locking security. 

Quick prototyping 

Prototype a complete working application 
in just hours and get immediate customer 
feedback to finalize the design. It’s a true 
time-saver. 

Stand-alone runtime 

Distribute your applications and protect 
your design with a low cost runtime engine. 
It has the friendliest end-user visual inter¬ 
face you’ve ever seen with built-in, menu- 
driven and syntax-free data retrieval power. 

Jeff Duntemann, PC Tech Journal: 

"Magic PC is probably the best integrated 
database application generator that we 
have seen ... very smooth system, and 
smoothness comes at a premium these 
days." Also recommended by PC Magazine, 
PC World, PC Week, Computer Language, 
Data Based Advisor and many more around 
the world. 

Try ltfor$l9’5 

If you develop database applications fora 
living, you can’t afford not to try Magic PC for 
yourself right now. For $ 19.95 you’ll get the 
Magic PC Tutorial software and documenta¬ 
tion for hands-on evaluation, complete with 
a step-by-step guide to develop an Order 
Entry sample application in just a few 
ho.urs. 

Magic PC $199 

No kidding! For a limited time only, save 
almost $500 off the $695 list price, and get 
the complete unprotected Magic PC soft¬ 
ware for only $199 at our special introduc¬ 
tory non-resale price. 


Database programmers, why waste your 
time hacking out code? 

Imagine how much faster and more profit¬ 
able you'd be if you could whip up power¬ 
ful database applications without the 
time-consuming coding pains... 
Introducing Magic PC from Aker, your pro¬ 
fessional dream come true. It's not 
another line-by-line syntax treadmill like 
any DBMS or4GL. 

Finally you can program as quickly as you 
design, while you delegate all the mun¬ 
dane and redundant coding tasks to 
Magic PC. 

Program 10 times faster 

Develop ^ 

relational .Z jroBmwiauiflu - 

database .g 

10 times fas- jj j| 'l-k ' J» ||| 

design- ■'™ 
driven inter¬ 
face. Instead of writing mountains of "how 
to” procedural code, you quickly place your 
program design specs in Execution Tables 
and Magic PC’s engine executes them auto¬ 
matically. Don’t lose any more time editing 
and debugging programs by hand. 

Incredible Zoom power 

—— laaiBia Magic PC s 

I power mag- 

;;;;; gjrf iiijiiii icallyco- 
ill ill executes 

HI ^%-QQ «- flHl *-^Q I related 

programs 

through nested Zoom windows smoothly 
with auto data scrolling in all directions. 
While Zooming, query and transfer data 
across windows or even Zoom deeper. 


No more maintenance! 

Change your programs on the fly without 
any manual maintenance responsibility. 
Magic PC automatically updates your 
changes online since all the data describing 
your design (data dictionary, programs and 
menus) make up a single file, self- 
maintaining Integrated Library. 

Magic PC does it all 

Design your entire database application 
with only one comprehensive develop¬ 
ment system. Generate both online 
programs (screens, windows, 
menus), as well as batch pro- 
grams (reports, updates, 


Even at $ 199 you can’t go wrong with our no- 
risk guarantee; keep it only if it makes 

magic for you, or we’ll buy it back 
within 30 days less $19.95 
'^^yourcrZ^ --^ restocking fee. 

C/| ^ 1 ^ / System Requirements: 

Dtir / / 'BM pc. XT, AT, PS/2 

C^y^enttn / and 100% compatible. 

^'1^2714 ^ / PC-DOS 2.0 or later. 

/ '5I2K. hard disk. All 

I trademarks 

1 2 3 I acknowledged. 


MAGIC PC 


Database Language 
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THE FLEXIBLE INTERFACE 



static unsigned short wert = 0x07b3; /* vertical line */ 


/* update the screen if foreground */ 


VIOSHOUBUF(0,s,0}, 


/* upper left corner */ 
/* lower left corner */ 
/* upper right corner */ 


static unsigned short vulc 
static unsigned short vile 
static unsigned short vurc 
static unsigned short vlrc 
static unsigned short vfill 


0x07da 

OxOZcO 

OxOTbf 


/* success return */ 


return(O) 


0x07d9; 

: 0x0720] 


/* lower right corner */ 
/* fill character */ 


USTIJVG3: B0X3.C 


error = box3(d); 
int error; 
unsigned short *d; 


/* synopsis 


/* B0X3 function; draw box in physical video buffer */ 


/* External declarations for OS/2 API functions. */ 


description 


extern far pascal VIOGETPHYSBUF(struct BufData far *, short) 
extern far pascal VIOGETMODE(struct ModeData far *, short); 
extern far pascal VIOSCRLOCK(short,char far *,short); 
extern far pascal VIOSCRUNLOCK(short); 


box3(d) 

unsigned short *d; 


/* miscellaneous */ 

/* index to top and bottom rows 


int i,j,rows,cols; 
int trx,brx; 


/* data area for VIOGETPHYSBUF */ 


struct BufData 


/* physical video buffer pointer */ 


union <. 
short far *x; 
unsigned short y[2] 


/* real address of display buffer */ 
/* length of display buffer */ 

/* protected-mode selector(s) */ 


unsigned long real; 
unsigned long length; 
unsigned short prots[2] 


/* storage area for buffer data */ 
/* storage area for mode data */ 


struct BufData buf; 
struct ModeData mode; 


/* data area for VIOGETMODE */ 


struct ModeData 


/* compute rows within box 
/* fail if no rows */ 


/* length of structure */ 

/* display type */ 

/* number of colors */ 

/* number of text columns */ 
/* number of text rows */ 

/* number of pixel columns */ 
/* number of pixel rows */ 


short length; 
char type; 


rows = d[2] • d[0] - 1; 
if(rows <= 0) return(-l) 


char colors, 
short cols; 
short rows; 


compute columns within box 
fail if no columns */ 


cols = d[3] - del) - 1; 
if(cols <= 0) return(-l) 


short pcols; 
short prows; 


mode.length = sizeof(struct ModeData); /* get video mode */ 
VI0GETM00E((struct ModeData far *)(&mode),0); 


if(d[2] >= mode.rows) return(-l) 
if(d[3] >= mode.cols) return(-l) 


static unsigned short vhorz = 0x07c4; /* horizontal line */ 


/* compute top row index */ 
/* and bottom row index */ 


9-TRACK MAG. TAPE SUBSYSTEM 
FOR THE IBM PC/XT/AT AND... 


if(mode.type & 1) 
buf.real = OxbSOOO; 
else 


buf.real = OxbOOOO; 


buf.length = 25 * 80 * 2; /* len = 25 rows*80 cols*2 bytes */ 

/* get physical buffer address */ 
if (VIOGETPHYSBUF((struct BufData far *)(&buf),0)) return(-l); 
b.ylO] = 0; /* form a valid pointer */ 

b.y[1] = buf.protsCO); 


/* wait for foreground 

if (VI0SCRL0CK(1,(char far *)(&i),0)) return(-l); 


/* put characters to buffer: 
/* upper left corner */ 

/* lower left corner */ 

/* top and bottom borders */ 


b.xEtrx] = vulc; 
b.xlbrx] = vile; 
for(i =1; i <= 


b.x[trx+i] = vhorz; 


b.x[brx+i] = vhorz; 


/* upper right corner */ 

/* lower right corner */ 

/* left and right borders */ 


b.xCtrx+i] 
b.x[brx+i) = vlrc; 
for(j = 1 


vurc; 


j <= rpws; j++) 


trx += mode.cols, 
b.xEtrx] = wert, 


For information interchange, backup ancJ archival storage, 
AK Systems offers a 9-track, IBM format-compatible 
V 2 magnetic tape subsystem for the IBM PC, featuring: 

■ IBM format 1600/3200 and 800 cpi. 

■ Software for PC-DOS, MS-DOS, XENIX. 

■ Also for AT&T, DEC, VAX, 

VME, S-100, RS-232, 

IEEE 488. 

formerly IBEX Mainstreamer 


/* unlock the screen */ 
/* success return */ 


VIOSCRUNLOCK(O) 

return(O); 


AKSystems 

20741 Manila St. 

Chatsworth, CA 91311 
(818) 709-8100 
TWX: 910-493-2071 


Write, phone or TWX for information. 
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SPEED-UP YOUR PC GRAPHICSI 


With the GSS® Graphics Development Toolkit 
and your favorite language * you can write 
faster graphics applications in record time. 



Increase Your Application Performance 

GSS drivers are written directly to the hardware, so your 
applications run fast. And the latest display cards are supported, 
including high-performance boards from Video-7, Quadram, Emulex, 
and others. Low memory overhead also promotes faster performance. 
The GSS software typically requires only 75Kb at run-time. 

Reduce Your Time To Market 

GSS provides the graphics functions and 
device drivers, so you spend less time in 
development. Call over 100 high-level 
functions for lines, arcs, text, bitmaps, 
clipping, and more. Support numerous mice, 
displays, printers and plotters, including 
EGA displays, HP plotters, Epson LQ printers 
and the HP LaserJet -i-. 


Build The Future Into 
Your Software 

Your applications will 
work with new graphics 
devices as new GSS 
drivers become avail¬ 
able. You won't have to 
modify your program! 

And when you use the 
Graphics Development 
Toolkit, your graphics 
software will be source 
code compatible with 
the new features of 
future DOS versions. 


Our complete 

GSS 

Line: 


List; 

PC Brand: 

CGI Dvlpmt Toolkit 

H95 

*375 

Kernel System 

H95 

*375 

Kernel for IBM RT 

*795 

*645 

Metafile Interpreter 

*295 

*235 


HOLIDAY SPECIAL 

“THE COMPLETE GRAPHICS 
DEVELOPMENT ENVIRONMENT” 

The ideal environment for any 
graphics developer would allow 
the choice between working with 
low-level primatives & high level 
routines. It would also allow the 
resultant images to be stored as 
data. Think it couldn 't exist—Well 
it does. During the Holiday Sea¬ 
son, PC. Brand will offer you the 
environment in one complete 
package. 

• CGI Development Toolkit 

• Kernal System 

• Metafile Interpreter 

Normally sold for $985, you can 
order it today for $899. 


*languages supported: 

Lattice C; Microsoft C: Lahey FORTRAN: Microsoft 
FORTRAN: R/M FORTRAN: IBM FORTRAN: IBM Professional 
FORTRAN: Microsoft Pascal: IBM Pascal: Microsoft BASIC 
Compiler: Microsoft Quick BASIC: IBM BASIC Compiler: 
Microsoft Macro Assembler: IBM Macro Assembler. 

Photos provided by CREARE, INTEGRATED 
SYSTEMS, and OPTIM ELECTRONICS 


To Order Your GSS Software Today Call 

SOOPC-BRAND 

That's (800) 722-7263. In NY State call (212) 242-3600 
PC Brand, 150 5th Ave., New York, N.Y. 10011-4311 
Telex: 667962 (SOFT COMM NYK) 

Prices, terms, and specifications subject to change without notice. 


© 1987 PC BRAND 
CIRCLE NO. 233 ON READER SERVICE CARD 




















2TJII/87 


PRICED TO SAVE, SHIPPED FAST!!! 


C TREE & R-TREE 

B-Tree File Manager Now Has Report Generator 


BRIEF Is Anything But!! 

A Whopper of an Editor 

With a name that belies its thoroughness, 
BriefTM has every feature you’ve ever 
contemplated for your editor-in-chief. 

Text in multiple buffers are scrolled 
through one or more windows you open, 
close, resize. A text buffer may be called 
to different windows to view two areas at 
once. A change in one changes both. Text 
blocks may be marked for printing, writ¬ 
ing to files, movement to scrap buffers for 
cut and paste into other buffers, with as 
many “undo” levels as you want. 

Brief has text search ^ilities rivaling 
“grep", with wildcards for matching and 
indifference to intervening characters. 

If you use Lattice, C86TM, or Wizard, and 
have 320k, you can compile your C pro¬ 
gram without ever leaving Brief. It finds 
the lines with errors, and marches you 
through the text for repairs. 

Parts of Brief were written with its own 
easy-reading Lisp-like macro language 
which has structure, conditionals, loops. 

‘' Simply the best text editor you can buy' 
Dvorak Zn/o world. (Needs 192k.) List: $195, 
PC Brand: Call. 


c-tree: The only major b-tree file manager 
with network support in the standard low- 
cost version, c-treeTM gives you record¬ 
locking routines for DOS 3.1/3.2, UNIX 
and XENIX, and it even comes in C source 
code, yet there are no royalties. Source 
sticks to K&R. so C-tree is portable. Tbsts 
in many environments prove it. 

Permits any number of keys for a data 
file—alpha, numeric, even floating point. 
Handles files with varied record lengths, 
multiple keys in one index file. Both high 
level and decomposed functions. It's the 
works. 

r-tree: Adds the ability to produce ad 
hoc reports from files maintained by 
c-tree (v. 4.1 and up). Link a file descrip¬ 
tion to the r-treeTM library, and use any 
text editor to write report scripts with no 
further C coding. Reports can access data 
in several files, select on criteria, join 
findings into new logical records, sort 
them, calculate new fields and columns, 
tabulate by control breaks. Comes in 
source, same portability as c-tree, and fits 
any compiler. 


List: Ours: Combined: 

c-tree: $395 $329 $541 

r-tree: $295 $245 


WINDOWS 
for DATA 

M’Soft Windows Compatible 

“Only one package can be easily recom¬ 
mended" said Computer Language Qune 
’87) reviewing nine window and data entry 
products for C. Complete field level func¬ 
tions specify prompt string, field length, 
data type, screen location, picture, target 
variable, entry rules, help messages, 
even functions to call for validation once 
data keyed in. 

Windows for C is a subset. No data entry 
but all windowing functions. Unlimited 
windows can be made either to pop up 
or permanently overwrite the screen, 
scroll and highlight lists vertically and 
horizontally. Specify Compiler. Windows 
for Data: List $395, Ours $315. Windows 
for C: List $245, Here $216. 


ESSENTIAL C 
UTILITY LIBRARY 

400 Functions, 30c Each 

You’ve probably seen the speed and 
power of Essential’s C function library 
without knowing it. Software greats have 
been using it for some time to give 
today’s top products pizazz and panache. 

Now grown to 400 functions E^ntial 
produces pop-up menus, saves and re¬ 
stores screens and windows to disk or 
memory in as little as I/lOth second, and 
claims the fastest video output available. 
Library has 50 business graphics func¬ 
tions. 40 string handlers, 28 functions for 
printers, 18 for mice. 11 for time and date. 
DOS interface functions for disk error trap¬ 
ping. directory and file creation and man¬ 
agement. lots more. Everything in source, 
including sample programs. We have ver¬ 
sions with pre-built libraries for the well- 
known C compilers, and a source code 
librarian is supplied for rolling your own. 



List: 

PC Brand 

C Utility Library 

$185 

$119 

Essential Graphics 

$250 

$183 

Essential Communications 

$185 

$125 

with Breakout Debugger 

$250 

$189 


Shopping List for the Power Workbench 


ARITY PRODUCTS 

Arity Combination Package. 

Expert System Development Pkg. 

File Interchange Toolkit. 

PROLOG Compiler & Interpreter. 

Screen Design Toolkit. 

SQL Development Package. 

Arity PROLOG Interpreter. 

Arity Standard Prolog. 

AI-EXPERT SYSTEMS 

Autointelligence by IntelligenceWare . 

Experteach II by IntelligenceWare . 

EXSYS Development Software by EXSYS.. 
EXSYS Runtime System 


Insight 2+by Leve/F/Ve Research. 

Intefligence/Compiler/nfe/Z/gencelYare... 
AI-LISP LANGUAGE 

IQCLISP by Integral Quality . 

IQLISP by Integral Quality . 

Microsoft LISP Common LISP . 

TransLISP from Solution Systems . 

TransLISP PLUS from Solution Systems .. 

Ai-PROLOG LANGUAGE 
APT Active Prolog Tutor from Solution Sys. 
MPROLOG Language Primer LOGICWARE 

MPROLOG P500 by LOGICWARE . 

MPROLOG P550 by LOGICWARE . 

Prolog-86 from Solution Systems . 

Prolog-86 Plus from Solution Systems _ 

Turbo PROLOG by Borland Int’l . 

Turbo PROLOG Toolbox by Borland Int'l... 

ASSEMBLERS & DEBUGGERS 
Advanced Trace-86 Morgan Debugger ... 
C-Sprite Debugger by Lattice, source level 
Microsoft Macro Assembler with Utilities 
PASM86 by Phoenix, Macro Assembler .. 
Periscope I Debugger... The Periscope Co. 
Periscope II with NMI Breakout Switch .. 

Periscope ll-X software only . 

Periscope III with Advanced Board...New. 

BASIC LANGUAGE 

Microsoft BASIC Interpreter/or XEA//X.... 
Microsoft QuickBASIC Compller...3.0. 

BORLAND PRODUCTS 

Reflex & Reflex Workshop. 

Reflex Data Base System . 

Reflex Workshop. 

Turbo Basic...A/ew . 

Turbo C Compiler.../Vew. 

Turbo Lightning . 

Turbo Pascal & Tutor..A/ew. 

Turbo Pascal with 8087 & BCD . 

Turbo PROLOG Compiler. 

Turbo PROLOG Toolbox. 

Turbo Tutor. 

C COMPILERS 

C86 PLUS by Computer Innovations...New. 

Lattice C Compiler from Lattice . 

Let’s C Compiler by Mark Williams . 

with CSD Source Level Debugger . 

MWC-86: Mark Williams C Development .. 

Microsoft C Compiler ...4.0. 

Turbo C Compiler by Borland...New . 


C INTERPRETERS 

C-Terp by Gimpel Software . 

Instant C by Rational Systems . 

Interactive-C by IMPACC with debugging. 
RUN/C Professional from Lifeboat . 


COMMUNICATIONS 

Asynch Manager by Blaise, for C or Pascal 


LIST 

US 

1095 

979 

295 

229 

50 

44 

650 

569 

50 

44 

295 

229 

295 

229 

95 

77 

990 

739 

475 

339 

395 

309 

600 

469 

485 

379 

990 

739 

300 

Call 

270 

Call 

250 

199 

95 

Call 

195 

Call 

65 

Call 

50 

45 

495 

395 

220 

175 

125 

Call 

250 

Call 

100 

63 

100 

64 

175 

119 

175 

139 

150 

109 

195 

138 

345 

289 

175 

139 

145 

105 

995 

Call 

350 

295 

99 

79 

200 

129 

150 

89 

70 

45 

100 

6^1 

100 

64 

100 

64 

125 

85 

100 

64 

100 

63 

100 

64 

40 

28 

497 

397 

500 

299 

75 

55 

125 

90 

495 

369 

450 

295 

100 

64 

300 

249 

500 

395 

249 

219 

250 

185 

175 

135 


Greenleaf Communications by Greenleaf . 
C UTILITY LIBRARIES 

Blaise C TOOLS PLUS/5.0. 

Blaise Turbo C TOOLS. 

Blaise C TOOLS PLUS. 

C Food Smorgasbord by Lattice . 

C Utility Library by Essential, 300 functions 
Greenleaf Functions by Greenleaf Software 
COBOL LANGUAGE 
RM/COBOL..see Ryan-McFarland Prod. 

Microsoft COBOL Compiler . 

Microsoft COBOL Compiler/or XEA//X .... 
Micro Focus COBOL..see Micro Focus Prod. 
dBASE SUPPORT 

BRIEF/dBRIEF...Br/e/ for DBASE III . 

CLIPPER...from Nantucket . 

McMAX...c/BASE for MAC from Nantucket. 
dBx..dBASE to C Translator by DESKTOP Al 

with Library Source Code . 

with Full Source Code . 

dBC... from Lattice...maintains DBASE files 

with source . 

dBC III Plus...supports multi-user DBASE.. 

with source . 

DEVELOPMENT TOOLS 

BASTOC by JMI, convert BASIC toC . 

BASIC-C BASIC's functions added toC ... 
Report Option Softcraft Btrieve Report Gen. 
Xtrieve Softcraft Query Utility for Btrieve .. 

Code Sifter Profiler by David Smith . 

Dan Bricklin’s Demo Program Prototyper.. 

LMK from Lattice, "make" like UNIX . 

Microsoft Window Development Toolkit... 
ESSENTIAL PRODUCTS 

C Utility Library. 

Essential Graphics. 

Essential Comm Library. 

with Breakout Debugger . 

FILE MANAGERS 

Btrieve by Softcraft, no royalties . 

Btrieve Network by Softcraft . 

C-Tree by FairCom - no royalties, source .. 

R-Tree by FairCom-Report Generator . 

C-Tree & R-Tree Combo by FairCom . 

dbVista single user DBMS by Raima . 

dbVista multi-user DBMS . 

Opt-Tech Sort Can sort Btrieve files . 

FORTRAN LANGUAGE 

RM/FORTRAN by Ryan McFarland . 

FORTRAN Libraries... by A/pha Computer . 
Microsoft FORTRAN Links w/Microsoft C . 

Microsoft FORTRAN for XENIX . 

Scientific Subroutine Package by Alpha .. 
GRAPHICS 

Essential Graphics Essential, no royalties. 

GSS Graphics Development Toolkit. 

GSS Kernel System by Graphic Software.. 

GSS Metafile Interpreter. 

Halo by Media Cybernetics . 

with Dr. Halo II . 

Halo for Microsoft includes all fonts . 


MICRO FOCUS PRODUCTS 

Micro Focus Level II COBOL w/Animator.. 

Level II COBOL. 

Level II Animator. 

Micro Focus Personal COBOL. 

Forms-2. 

MODULA-2 LANGUAGE 
MODULA-2 Apprentice Pkg by LOGITECH . 


LIST 

US 

185 

139 

129 

99 

129 

99 

175 

135 

150 

109 

185 

119 

185 

139 

700 

499 

995 

795 

275 

Call 

695 

375 

295 

Call 

350 

299 

550 

469 

1500 

1282 

250 

195 

500 

390 

750 

595 

1500 

1185 

495 

399 

175 

139 

145 

128 

245 

220 

119 

89 

75 

69 

195 

149 

500 

365 

185 

119 

250 

183 

185 

125 

250 

189 

250 

195 

595 

465 

395 

329 

295 

245 

650 

541 

195 

139 

495 

399 

149 

105 

595 

499 

70 

45 

450 

281 

695 

546 

295 

239 

250 

183 

495 

375 

495 

375 

295 

235 

300 

219 

440 

299 

595 

434 

495 

395 

349 

279 

195 

155 

149 

99 

295 

235 

99 

79 


MODULA-2 Magic Pkg by LOGITECH . 

MODULA-2 ROM Pkg& Cross RT Debugger 
MODULA-2 Window Pkg by/.OG/TECh/ ... 
MODULA-2 Wizard’s Pkg by LOGITECH . .. 
OTHER LANGUAGES & UTILITIES 

Source Print...source code formatter . 

Tree Diagrammer..source code diagrammer 

Heip/Control by MDS... 123 style Help . 

Microsoft MuMath includes MuSImp . 

Microsoft Pascal Compiler/./n/rs w/M’soft C. 

Microsoft Pascal Compiler for XENIX . 

Turbo Power Tools + by Blaise . 

Advantage C+ + by Lifeboat Assoc . 

PHOENIX PRODUCTS 

PASM86 Macro Assemb/er. 

PDisk Phoenix's new disk manager . 

Pfantasy Pac six products...New Price - 

PFinish EXE performance analyzer . 

Pfix86 Plus Symbolic Debugger . 

PiorCe vast library . 

PforCe+ + ...Function Library for C + + _ 

Plink86 Plus Utilizes memory for overlays . 

Pmaker///ce UNIX "make" . 

Pmate with Macros . 

Pre-C UNIX "lint "-alike . 

PTel Binary File Communicator . 

POLYTRON PRODUCTS 
PVCS Corporate...Source Code Control Syst. 

PVCS Personal. 

PVCS Network. 

PolyMake Complete Make Utility . 

PolyLibrarian Library Manager . 

PolyLibrarian II Library Manaer . 

PolyShell UNIX-like Command Shell . 

PolyXREF Complete Cross Ref Utility .... 

PolyXREF One language only . 

PolyBoost TheSo/fware Acce/era/or. 

PolyDesk III 3rd Generation Desktop Org .. 

PolyDesk III Add On Tools . 

RYAN-McFARLAND PRODUCTS 

RM/FORTRAN...2.4/Vew. 

RM/FORTRAN... L/A//X or XENIX . 

RM/COBOL..DOS. 

RM/COBOL...L/A//XorXEA//X. 

RM/COBOL RunTime. 

RM/COBOL85...A/VS/85 COBOL . 

RM/COBOL 85 RUN TIME. 

RM/SCREEN.../or COBOL 85 . 

RM/NET +5...COBOL <S COBOL 85 Network 
SCREEN DESIGN 

Curses by Lattice, UNIX screen designer .. 

with Source . . 

Greenleaf Data Windows.../Vew. 

with source . 

Panel Plus by Round Hill, no royalties..New 

View Manager for C by Blaise . 

Vitamin C by Creative Programming . 

VC Screen by Creative Programming . 

Windows for C Vermont Creative Software 
Windows for Data includes Windows forC 
ZView Data Management Consultants.... 

TEXT EDITORS 

Brief from Solution Systems . 

Condor Editor by Condor . 

Edix by Emerging Tech...Multi-screen . 

Epsilon by Lugaru Software, like EMACS .. 
FirsTime by Spruce Technology, C syntax . 

Kedit by Mansfield, similar to Xedit . 

LSE, the Lattice Screen Editor Multi Wind.. 

Vedit by Compuview . 

Vedit Plus by Compuview . 


LIST 

US 

99 

79 

299 

239 

49 

39 

199 

159 

75 

60 

55 

45 

125 

109 

300 

199 

300 

199 

695 

546 

100 

67 

495 

435 

195 

138 

195 

138 

995 

655 

395 

278 

395 

259 

395 

235 

395 

278 

495 

326 

125 

89 

195 

138 

295 

195 

195 

138 

395 

309 

149 

109 

Cali 

Call 

149 

109 

99 

73 

149 

109 

149 

109 

219 

169 

129 

99 

80 

64 

99 

73 

Call 

Call 

595 

499 

750 

599 

950 

799 

1250 

999 

250 

199 

1250 

995 

300 

249 

395 

335 

300 

249 

125 

99 

250 

199 

225 

169 

-395 

297 

495 

395 

275 

199 

225 

198 

100 

81 

245 

216 

395 

315 

245 

175 

195 

Call 

130 

118 

195 

159 

195 

149 

295 

229 

125 

99 

125 

100 

150 

99 

185 

129 






























































































































PC BRAND SPEAKS YOUR LANGUAGE 


CLIPPER From Nantucket 

Compile dBASE for Speed, Protection 

C UpperTM turns lumbering dBASE® 
into a speed dMON with benefits 
bobbing in its wake; your source code is 
submerged from public view, you can 
distribute your compiled application with¬ 
out royalties, and your customers don’t 
even need copies of dBASE! The Spring 
'87 Clipper offers index files compatible 
with dBase III Plus, and networking capa¬ 
bilities to run compiled programs on ma¬ 
jor networks supporting DOS 3.1 with no 
restrictions on number of users. Clipper 
offers arrays, menu-building commands, 
user-defined functions, context-sensitive 
help techniques for applications, a de¬ 
bugger, and it supports Expanded Mem¬ 
ory. It goes well beyond dBASE with 
1,024 fields per data base and 2,048 
active memory variables. 

Clipper has the power to save and re¬ 
store multiple screens to and from mem¬ 
ory variables. You can also create over¬ 
lays, call object modules compiled in other 
languages, and create function libraries 
to link with your applications. Power and 
flexibility make it the #1 dBASE compiler. 
List: $695, PC Brand: $375. 

McMAX fyom Nantucket 
Like dBASE for the Macintosh 

M cMaxTM is like running dBASE on 
the Macintosh. It combines an 
easy-to-use menu-driven ASSIST mode 
using the Mac interface, an interactive 
command mode like dBASE at the dot 
prompt, and an application programming 
lan^age fully compatible with dBase III. 

It gives you the power to create dBASE 
language applications on the Macintosh 
and transfer back and forth to the IBM® 
world. McMax accommodates up to 16 
million records, 32,000 characters per 
record, 255 characters per field, and up 
to 32 files open concurrently. No copy 
protection. List: $295, PC Brand: Call. 


dBASE AT THE SPEED OF C 

dBx Translates dBASE Applications to C 

You dBASETM programmers know what 
an expressive and readable language 
dBASE is. It's a very comfortable devel¬ 
opment environment. But the price is de¬ 
based performance. Even compiled 
dBASE doesn't offer the speed that some 
users require these days. The kind of 
speed offered by software written in the 


dBC Identical dBASE 127 
Plus Files Using C 

d BCTM is a series of C libraries from 
Lattice which creates, accesses and 
updates files identical to those of dBASE 
itself. So dBASE can read and update the 
files too. 

What for? It means both C and dBASE 
applications can operate on the same 
data bases interchangably. It means C 
programmers can interface with the big 
market of dBASE users out there, yet 
side-step the dBASE language. It means 
dBASE applications can now be linked to 
the universe of C libraries and tools to 
add windows, graphics, statistical analy¬ 
sis. all the things dBASE cannot do. It 
means the speed and power of C to im¬ 
press clients accustomed to dBASE! 

dBC's functior^ parallel all dBASE's file 
handling commands, many decomposed 
to permit direct data manipulation. Our 
versions of dBC mimic file formats for 
dBASE II and III and now dBASE III Plus 
makes your programs network ready!... 
as many stations as a network allows. 
Hands-off mode handles record and file 
locking and unlocking automatically. 
Close in functions give you direct lock/ 
unlock control. 

Supports all four memory models. 
dBASE II. III...List: $250, Curs: $195. 
dBASE III Plus...List: $750, Curs: $595. 
Pay double and you get source too! 


BTRIEVE B-tree File Manager Plus Add Ons 


If networks are on your horizon, betting 
your future on Btrieve as the one file man¬ 
ager for your C, Pascal, BASIC, and 
CCBCL projects looks like a smart move. 
Reason? Novell bought Btrieve’s creator. 

Btrieve's function library takes complete 
charge of all file creation, indexing, read¬ 
ing, writing, insertion, deletion, space 
recapture, forward and backward search¬ 
ing. Finds any key in a million in four or 


less accesses. Files may have up to 24 in¬ 
dexes; fixed record length to 4090 char¬ 
acters; variable length to 64k; indexes up 
to 255 characters; files of 4 billion bytes. 

List: $245, Us: $195. Network Version 
List: $595, Curs Cnly; $465. Ask about 
Xtrieve for Btrieve file inquiry, Btrieve for 
report writing. For any network that sup¬ 
ports the MS-DCS 3.1 file sharing function. 


PANEL PLUS 

Library Source Code Gives It Complete Portability 

There are no end of tools for screen 
design and data entry, but none quite 
like Panel Plus. Design a screen under 
program control, use Panel's utility to 
"run" and test it field by field, then 
pass it to Panel’s code generator which 
delivers C source code. Cptions style 
the code to your compiler's liking, and 
you can of course do what you like to 


the source afterward. The code calls 
Panel Plus's function library, but now 
the library comes in source, so every¬ 
thing produced is highly portable. Not 
like other screen managers delivered 
as object libraries and which leave you 
to write the detailed code. 

Panel Plus will operate in graphics 
mode via interfaces to graphics prod¬ 
ucts it supports and can utilize the 
EGA's 43-line screen. Low-level I/O 
functions adapt it to various keyboards, 
screens, operating systems. 

Panel's newest incarnation has every 
imaginable feature. A single screen de¬ 
sign can have 1000 fields stacked as 
visual overlays up to 127 levels deep or 
as pop-ups. Groups of fields can be 
moved between levels. Screens can be 
output as compilable code or stored on 
disk for loading at run-time. Each field 
can be boxed, colored, multi-row, word¬ 
wrapped. and scrolled horizontally and 
vertically if larger than its on-screen 
view aperture. It can be assigned its 


own help and error message, can be 
told to accept certain characters, or to 
match a picture, and to check data 
after entry—proper dates, number 
ranges, etc.—using Panel’s or your own 
validation routines. You can add your 
routines to Panel’s test utility because 
even it comes as source. Fields are ac¬ 
cessed in any order and control reverts 
to your application program after each 
field for choice of action. 

For past Panelists, the new version has 
smaller and faster field and screen 
functions, tighter granularity, and an en¬ 
hanced, reworked library. Major tool 
for the serious developer. List: $495, 

PC Brand: $395. 


C language. The answer is dBxTM. 

dBx translates dBASE to C. It offers you 
a major competitive advantage over the 
next dBASE programmer: Keep writing 
in dBASE. Take every application all the 
way to completion. Then use dBx to 
translate them top to bottom to C! 

Other advantages: C is portable, even 
to other operating systems like UNIX/ 
XenixTM. To the Macintosh or Amiga. 
dBx gives your applications a passport to 
places dBASE cannot go. 

Has its own file manager for single 
user, but links to major C file managers— 
c-tree and dBC—for compatibility with 
dBASE files or multi-user support. We 
have everything you’ll need, including 
good advice. List: PC Brand: 

dBx $ 350 $ 299 

with Library Source $ 550 $ 469 

with Full Source Code $1500 $1282 


SUPER SOURCE 

Aldebaran 's Source Print 

Author Alan Simpson writes "the best 
overall debugging technique is to draw 
lines to connect all the IF and DO 
WHILES etc. with their ENDIFs and END- 
DOs. Then use a pencil to"—Well, 
thanks, Alan, but we'll use Source Print 
instead. It draws those vertical lines to 
connect the beginnings and endings of 
structure in a vivid display of your pro¬ 
gram's organization. It can print your pro¬ 
grams with page numbers, headings, line 
numbers, indent automatically, throw in a 
table of contents and cross-reference in¬ 
dex. "Occasionally a utility comes along 
that makes a pro(^ammer’s life much 
easier. Source Print is such a program" 
says PC Magazine. List: $75, Ours: $60. 

.. .add Tree Diagrammer 

Tree Diagrammer prints an organization 
chart of your program's structure show¬ 
ing the hierarchy of function, procedure, 
and subroutine calls. Shows at a glance 
what routines call each other for clearer 
debugging. Every shop should have this 
important documentation tool. List: $55, 
Ours: $45. 


we refund the ^'‘'[S^gSaysVe/ 1 
voL /f buying fro mPCBra^ 

C-WORTHY''"^""«®'ow. 

INTERFACE LIBRARY 

T he C-Worthy TM Interface Library 
wraps an entire user interface 
around your application. Its full power 
can be summoned by only a few high 
level calls. Sound exaggerated? A single 
function call can set up a complete text 
editor in a screen window. Recently ac¬ 
quired by Solution System, over 600 
pages of Documentation, T\irbo and 
Quick C version and a complete Inter¬ 
face Library have been added. 

•High level calls pop menus and scroll¬ 
able choice lists to the screen, restoring 
the background when dismissed. 
•Windowing facilities Open portholes of 
up to screen size for viewing virtual 
screens larger than the physical screen. 

• Full context-sensitive help screen man¬ 
agement takes over these chores and 
error messages. Automatic routines inter¬ 
rupt with pageable text windows explain¬ 
ing what to do next. 

Novell found it "played a key role and 
accelerated development" in making its 
NetWareTM utilities easier for users. In¬ 
genious demo: call for it. 

Ask for; List: PC Brand; 

C-Worthy $195 CaU 

with Forms Library $295 Call 


BASTOC BASIC Into C 

For a trifling price, BASTOCTM moves 
truckloads of BASIC code over to C. It's a 
translator which takes in Microsoft Ex¬ 
tended BASIC and emits pure K&R C for 
Microsoft or Lattice. Structures even con¬ 
voluted BASIC code. Optimized to dra¬ 
matically reduce execution time. Dyna¬ 
mic string allocation ends BASIC’s cata¬ 
tonic halts for garbage collection. Huge 
worksaver. List: $495, Us: $399. 


POLYTRON VERSION CONTROL 

Source Code Control for Any Language 


PVCS allows programmers, project 
managers, librarians and system ad¬ 
ministrators to control the proliferation 
of revisions and versions of source 
code in software systems. Independ¬ 
ent programmers, the leading soft¬ 
ware publishers and LAN companies, 
and hundreds of Fortune 1000 com¬ 
panies rely on PVCS to store and re¬ 
trieve multiple revisions of text. It 
maintains a complete history of revi¬ 
sions as an "audit trail", generates 
status reports, and uses intelligent 
"difference detection" to minimize 
disk space for each new version. 

On Corporate and Network PVCS si¬ 
multaneous changes to a module are 
merged into a single new version. If 
changes conflict, the user is notified. 
The "Logfiles" used to track changes 
are interchangeable between any 
PVCS product. 


Corporate PVCS is for multiple pro¬ 
grammers. It Includes "branching" to 
maintain code when programs evolve 
on multiple paths. Personal PVCS 
offers most of the power and flexibility 
of corporate PVCS, but excludes mul¬ 
tiple programmer features. Network 
PVCS IS the Corporate version for 
LANs. File locking and security levels 
can be tailored to each project. 

Poly Make Still using a prehistoric 
Make? Step up to PolyMake, the most 
popular and powerful Make utility. 
Most flexible macros of any Make. 
Now integrated with PVCS and Poly- 
Librarian for faster performance and 
precise configuration management. 


Ask for: 

List 

PC Brand; 

Personal PVCS 

$149 

$109 

Corporate PVCS 

$395 

$309 

Network PVCS 

Call 

CaU 

PolyMake 

$149 

$109 


Payment: We honor MasterCard. Visa. American 
Express (no surcharge), checks in advance, or 
funds wired to PC Brand, do Chemical Bank. 126 
East 86 St.. New York. Account 034-016058. COD 
(U S. only) for cash, money order, certified check 
(no fee). NY State, add sales tax. Purchase orders 
accepted from larger corporations and institutions 
at our discretion if you agree to net 30 days plus 2% 
a month late penalty thereafter. 

Shipping & Handiing: U.S.: UPS Surface: 1st 
product $6. each add ! $3. UPS 2nd Day Air: 1st 
product $10. each add’l $4.50. UPS Next Day Air or 
Federal Express 1-2 Day Air; 1st product $ld each 
add'l $6. FedEx Next Day 10 AM; 1st product $28. 
each add’l $7. International; Charges vary by 
destination and carrier. $10 per shipping container 
for export forms. Air parcel post at your risk beyond 
collected insurable amount. 
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For Orders or Literature, Call Us at.... 

800PC-BRAND 

That's (800) 722-7263. In NY State call (212) 242-3600 
PC Brand, 150 5th Ave., New York, N.Y 10011-4311 
Telex: 667962 (SOFT COMM NYK) 

®I987 PC BRAND 

Prices, terms, and specifications subject to change without notice. 










Some of the best 

dBASEmPLUS 



More than 80 books and 
technwaljcumals have 
been written exclusively 
about (IBASE. 


For years, just about 
every PC magazine, 
software expert and 
computer dealer have 
been telling you that 
dBASE III PLUS™ is 
the most powerful 
DBMS.That it gives 
serious programmers 
the most versatile set 
of tools. And helps 
new users develop 
sophisticated appli¬ 
cations. 

That’s nice, but 
frankly, it seems a 
bit limited to us. 

Because there are 
a lot of reasons to 


buy dBASE III PLUS that have nothing 
to do with power. 

First of all, we have over 1.5 million 



customers.That clearly makes us the 
industry standard. 

And there are over 80 magazines, 
books and technical journals to help 
you take maximum advantage of all 
the capability built into dBASE.® 

The Ashton-Thte® Developer’s 
Registry is another 
good reason. 

With over a 
thousand pages, 
this book gives 
you information 
on applications 
in every area 
from 12 meter 
yacht racing 
to hog farming. 

So there’s no need to create an 
application from the ground up. 
Unless you want to. 

There’s also our LAN Pack, which 


available for dBASE. So chances are 
you wont have to startfrom scratch 


We have a much larger support group than any other database company. When you need help, you Ye never atone. 



























reasonstobity 

arerit in the bcK. 




gives you a simple, cost 
effective way to share 
the power of dBASE III 
PLUS with other users. 

Finally, weVe used 
our considerable 
resources to create 
the largest support group of any 
DBMS company With 207 full-time 
support people, we offer a full range of 
support service for everyone. FVom 
90-day free phone support for new 
users to remote on-line diagnostics 
for advanced users. We also give you 
the most thorough, 
easy-to-follow ashtwtx^ 

documentation. 

Along with the fM LAN D\CK 

best customer BHs 
training. 

So if you’re 
looking for the 


dBA SE has shipped over 1.5 miUim copies to customers, which makes it the ividustry standard by a huge margin 

database that can do the most for 
your business, take a good look in the 
box. And a good look what’s behind it. 

For more information, or the dealer 
nearest you, just call (800) 437-4329, 
Extension 3327. 

.n4 Ashton Tate 


dBASEin Plus 

the data management standard 


*ln Colorado, call (303) 799-4900, Extension 3327.TYademarks/owner: dBASE, dBASE 111 PLUS, Ashton-Tite/Ashton-Tite Corporation. © 1987 Ashton-Tite Corporation. All rights reserved. 
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COVER sum: 
ENTER OS/2 



An inside look reveals how one company rapidly converted a 
complex data manager from DOS to the OS/2 environment 


Porting to OS/2 

STEVEN ARMBRUST 


MW Then Microrim, Inc., became a 
%jWbeta site for IBM’s new Operat- 
Tring System/2 (OS/2) in late 1986, 
Microrim chairman and founder Wayne 
Erickson knew immediately what he 
and his staff had to do. Not only did 
they have to convert R:BASE System V, 
Microrim’s largest and most complex 
database manager, to run under OS/2, 
but the job had to be done in time to 
demonstrate a working product when 
IBM officially announced OS/2. At the 
time, no one knew how soon the an¬ 
nouncement would occur (it came just 
six months later). 

Microrim—located in the same 
Redmond, Washington, neighborhood 
as OS/2’s developer, Microsoft—is a 
forerunner in converting to OS/2. The 
company internally committed to the 
OS/2 conversion of r-.base System V in 
late 1986 and completed it in time to 
demoastrate the product at IBM’s for¬ 
mal announcement of OS/2 on April 2 
of this year in Miami. 

“We knew the job would be big, 
because our program is big,” Erickson 
said. “But with all the enhancements 
we wanted to make to our product, 
and because of the endorsements of 
IBM and Microsoft, we felt we couldn’t 
ignore OS/2.” 

Microrim is counting on OS/2 to 
be a big boon in the constant battles 
die company must wage with competi¬ 
tors, most notably Ashton-Tate of dBASE 


fame, to add new features and other¬ 
wise improve its products. For R:BASE 
System V, which already strains at the 
640KI3 memoiy bounds that are avail¬ 
able under DOS, OS/2’s 16MB of mem¬ 
ory will open the door to new features. 
It will also improve system perfor¬ 
mance by eliminating the need for 
cumbersome overlays used to squeeze 
numerous program elements into the 
overflowing 640KB memory bag. As it 
is now, heavy use of overlays as re¬ 
quired by R:BASE uiider DOS diminishes 
the product’s performance even on an 
AT-class computer. 

Microrim approached the OS/2 
conversion systematically and found it 
relatively uncomplicated, said company 
managers, largely because R:Base System 
V (like all Microrim products) is modu- 
larly designed, dius nullifying the need 
for complex and interconnecting adjust¬ 
ments during conversions. The con¬ 
verted R:BASE System V is capable of 
running under OS/2 and using OS/2’s 
expanded memory and some multitask¬ 
ing capabilities with other OS/2 appli¬ 
cations; however, it does not yet fully 
tap all OS/2 features, such as multi¬ 
threading and the operational doors 
that capability can open. 

Tlte converted R:Base System V is 
not yet on the market and prices are 
unavailable. Microrim plans to release 
the product when IBM releases OS/2; 
meanwhile. Microrim engineers are 


working to enhance it with features 
arising out of capabilities specific to 
OS/2. According to Microrim, R:Base 
System V will remain available in DOS 
for users who do not want to convert 
their operations to OS/2. 

PLANNING THE CONVERSION 

As Microrim managers sat down late in 
1986 to plan for the OS/2 conversion 
they were faced with several questions. 
How could Microrim engineers, who 
were just learning OS/2 themselves, 
conven an application as large and 
complex as R:BASE System V to the new 
operating system? What was the best 
way to proceed to optimize company 
resources? Should Microrim create a 
family application (one that could run 
under both DOS and OS/2 but that 
could not take full advantage of new 
OS/2 features such as extended mem¬ 
ory and multitasking) or a separate 
application for OS/2 that would allow 
R;BASE System V to take advantage of the 
full extended OS/2 features? How 
should they proceed with the inevitable 
language conversion (from FORTRAN 
to C), and should they rewrite the pro¬ 
gram by hand or use an automatic lan¬ 
guage translator? Finally, how could 
Microrim accomplish the conversion in 
time to meet the fast-approaching (but 
still unknow'n) IBM deadline? 

The company. From all observations. 
Microrim and its R:Base System V prod- 
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Microrim’s OS/2 conversion of RiBASE System V was spearheaded by company chairman and founder Wayne Erickson (stand¬ 
ing), senior vice president of research and development Fred Gray (right), and computer systems engineer Alan Lindsay. The 
company got its start using the Heath H88 computer shown in the photo to develop its first microcomputer product, called 
Microrim. That product evolved into R:BASE System V from a mainframe database product. 


uct were ahead of the conversion game 
from the start. First, Microrim had pre¬ 
vious experience converting products 
to new operating systems. Second, the 
modular nature of rbase System V al¬ 
lowed for the conversion to be done 
by making some rather simple, segre¬ 
gated changes as opposed to making 
complex and extensive modifications. 

Microrim was formed by Erickson 
in November 1981 to develop a micro¬ 
computer version of a mainframe data¬ 
base product called RIM (for relational 
information management) that he had 
created for NASA in 1978 to validate 
relational database technology^ RIM was 


subsequently made available on 22 dif¬ 
ferent mainframes, including those 
made by Control Data, Cray, Bur¬ 
roughs, DEC, and Prime. Microrim’s 
first product—the minicomputer ver¬ 
sion of RIM—was named for the com¬ 
pany and released for use on CP/M- 
based machines in July 1982. 

Later that year, the company did 
two ports—one to IBM’s DOS and one 
to Convergent Technologies’ CTOS. In 
October 1983, Microrim did a major 
revision of the product and renamed it 
R:BASE 4000, followed by another major 
upgrade called R:Base 5000 in April 
1985 (reviewed in “A Data Manager 


with Kernel Code Generation,” Steven 
Armbrust and Ted Forgeron, September 
1985, p. 82) and, ultimately, the release 
of the current product, R;Base System V, 
in July 1986. In the six years since it 
was founded. Microrim has grown from 
a company with seven people to one 
with 135 employees. 

Decisions. Although Mjcrorim manage¬ 
ment remains committecj in the long 
term to enhancing R:Base System V so 
that it can eventually use all applicable 
OS/2 features, time constraints forced 
the company to take a conservative 
approach in the beginning. Instead of 
redesigning the product to add the 
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GET THE FULL PICTURE 

Get concurrent read/write access to mainframe files. 


Ralph Is history. Tempus-Share™ makes 
history: introducing the first micro-mainframe 
software product to give your users concurrent 
read/write access to files on an IBM mainframe. 
Up-to-date information available to you where 
you want it, and when you need it. 

Tempus-Share is a VTAM application which 
takes full advantage of PC/DOS 3.1 facilities 
through the support of the SMB protocol, 
Tempus-Share provides all the functions 
required to implement powerful, distributed 
applications using LAN server technology at 
the host. 

You know that yesterday’s information is 
already too old for today’s business decisions. 
We’ve done something about it. Now it’s your 
turn. 

Call us today for the full picture. 


Call toll free at 1-800-361-4983 
IntheU.S. (215)638-3711 
In Canada (514)397-9512 

MICROTEMPUS 

Tempus-Share is a trademark of Micro Tempus Inc. 

PC DOS 3.1, VTAM are registered trademarks of International 
Business Machines Corporation 
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new operating-system-supported fea¬ 
tures, Microrim initially decided to 
make a direct port of tlie existing prod¬ 
uct in order to meet the tight schedule. 
With this port, r.base System V immedi¬ 
ately takes advantage of OS/2’s larger 
memory space and ability to run con¬ 
currently with other OS/2 applications; 
however, it still needs flirther enhance¬ 
ments to take advantage of all the other 
features of OS/2. 

Further, Microrim decided to 
create a separate application for OS/2 
rather than a family application; 
whereas a family appli¬ 
cation would have the 
advantage of running 
under both OS/2 and 
DOS (thus minimizing 
the number of different 
packages Microrim 
would have to stock, 
support, and maintain), 
it would be limited to 
using only OS/2 features 
that have counterparts 
under DOS. Despite the 
advantages of a family 
application, however. 

Microrim managers de¬ 
cided without hesitation 
to develop separate 
applications for OS/2 
and DOS. Their goal 
was to create a product 
that does not limit OS/2 
users to those features 
of OS/2 that are also 
available under DOS. 

“We did not want to be unneces¬ 
sarily constrained by the memory limi¬ 
tations of DOS, so we chose to go 
with two versions of the product, one 
for DOS and one for OS/2,” explained 
Alan Lindsay, Microrim’s computer sys¬ 
tems engineer who performed the 
OS/2 conversion. Lindsay expects other 
developers of large applications to 
make the same choice, leaving the 
family-application approach primarily 
for utility programs, such as compilers, 
that do not require internal multitask¬ 
ing or large memory space. 

Finally, Microrim needed a strong 
configuration control system. (For a 
review of six such products, see 
“Tracking Code Modules,” Jim Vallino, 
September 1987, p. 50.) This would 
allow its staff both to upgrade the com¬ 
pany’s products individually and to 
maintain a common database for mak¬ 
ing generic changes simultaneously to 
all products. Configuration control is 
important because Microrim intends to 
sustain updated DOS and OS/2 versions 
of all its products, including Clout (a 


user qiieiy interface) and Program In¬ 
terface (a programming tool). 

After examining several commer¬ 
cial configuration control systems, how¬ 
ever, Microrim decided to build its 
own system in R:Base System V because 
it could not find one on the market to 
meet its specific needs. 

The strategy. Microrim approached the 
OS/2 conversion of R:Base System V in 
two stages. The first was a language 
conversion (most of R:Base System V 
was written in FORTRAN, but in order 
to use OS/2 as it currently exists, the 


program had to be translated to C). 

The second phase was the actual con¬ 
version from DOS to OS/2. 

THE SWITCH TOC 

When R:BASE was developed, FORTllAN 
was the most portable language avail¬ 
able and Microrim engineers knew it 
well—largely because R:BASe’s RIM an¬ 
cestor was written in FORTRAN . Thus, 
the original R:BASE was in FORTRAN, but 
enhancements to later R:BASe versions 
were written in C. Going into the OS/2 
conversion, R:BASE System V still con¬ 
tained 70 to 75 percent FORTRAN code, 
10 to 20 percent C code, and the re¬ 
mainder was in assembly language. 

No FORTRAN compilers are yet 
available for OS/2, so Microrim had to 
convert R:BASE before it could start the 
OS/2 conversion. Such a language con¬ 
version had been on the minds of 
Microrim developers for some time, 
but they were reluctant to undertake 
this major project for its own sake. As 
Erickson explained, “We feared that the 
entire staff would spend two years on a 


conversion and the product would do 
nothing different from the current 
product.” Nonetheless, Microrim engi¬ 
neers knew the language switch was 
inevitable—with or without OS/2—in 
order to keep R:Base System V competi¬ 
tive in the marketplace, so the com¬ 
pany started the wheels for C conver¬ 
sion in motion last fall. It accelerated 
the conversion effort a few months 
later when OS/2 became a reality. 

The conversion to C, including 
hand-tweaking, required four to five 
people over a period of three months. 

To save time. Microrim 
engineers used Rapid- 
tech Systems, Inc.’s 
FORTRix-c, a language 
translator that reads 
source code in one pro¬ 
gramming language and 
produces source code 
in another language as 
output. Although the 
code produced by me¬ 
chanical translation is 
not as efficient as code 
written by hand, the 
conversion package can 
produce an initial draft 
in the target language in 
a much shorter time. 
Engineer Lindsay ex¬ 
plained that even when 
the translator’s output 
required further refin¬ 
ing by customized con¬ 
version routines or 
hand-tweaking, using a 
translator significantly reduced the time 
and effort of producing a finished pro¬ 
gram in the target language. 

A certain amount of post-pro¬ 
cessing of the translator output was 
inevitable because forti^-c, as a gen¬ 
eral-purpose conversion program, 
could not be expected to meet all of 
the specific requirements of a program 
as complicated as R;Base System V. For 
example, fortiux-c converts a FORTRAN 
COMMON block into a series of point¬ 
ers to an array and generates code to 
initialize these pointers at every entry 
to a function. Microrim engineers 
therefore had to write their own rou¬ 
tines to convert COMMON blocks to C 
structures that require no address ma¬ 
nipulation at runtime. 

In addition, fortrdc-c automatically 
generates all integers as long integers 
in C, but Microrim wanted them to be 
short integers; therefore, this had to be 
done manually. Finally, because 
FORTRix-produced code is less efficient 
than handwritten code. Microrim engi¬ 
neers reviewed the FORTRix-generated 



Microrim engineer Alan Lindsay used a Compaq Portable 286 (rear) 
with 2MB of extended memory to isolate and change operating-system 
calls and test and debug the new system. He used the IBM PC/AT 
(foreground) to access programs in DOS for conversion to OS/2. 
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code when time allowed and manually 
cut out extraneous statements, reducing 
the size of the source code by approxi¬ 
mately one-half. 

The engineers confronted an inter¬ 
esting problem during the language 
conversion; when a math coprocessor 
was not present, floating-point opera¬ 
tions were much slower in C than in 
FORTRAN. This was because Microsoft’s 
FORTRAN and C compilers use two 
kinds of floating-point libraries. The 
standard library uses a math copro¬ 
cessor if it is present or emulates it in 
software if it is not. The other, called 
the Alt Math library, always performs 
floating-point calculations in software. 
The efficiency of emulations in the two 
libraries is not always equal. 

In version 33 of Microsoft 
FORTRAN, which was used to compile 
the FORTRAN code of R;Base System V, 
the emulating routines in both libraries 
performed equally as fast. When the 
converted code was compiled with the 
Microsoft C 4.0 compiler, however, the 
emulation routines in the standard li¬ 
brary were considerably slower than 
those in the Alt Math library. The 
Microsoft FORTRAN 4.0 compiler expe¬ 
rienced the same problem with emu¬ 
lated floating-point routines. 

Microrim considered using the Alt 
Math routines to achieve increased 
floating-point execution efficiency on 
systems without a math coprocessor 
(still the majority of PC systems). But 
this had two disadvantages. First, soft¬ 
ware routines in the Alt Math library 
gained execution efficiency at the ex¬ 
pense of numeric accuracy and error 
checking. Second, the performance of 
an Alt Math product could be improved 
by adding a coprocessor. 

In a database manager, floating¬ 
point efficiency is significant only if 
real-number data exist in the database; 
otherwise, manipulating data files is not 
a compute-intensive activity, and inte¬ 
ger arithmetic is adequate for whatever 
computations are required. Therefore, 
Microrim engineers decided to accept 
the slower execution efficiency of the 
standard math library. In return, users 
have increased accuracy. For applica¬ 
tions requiring upgraded efficiency, 
users can add a math coprocessor. 

“The [language] conversion en¬ 
couraged our development staff be¬ 
cause they found they could take ad¬ 
vantage of the C environment and de¬ 
crease the code size of the product. 
Plus, they had a chance to clean up 
routines written several years ago and 
make the code tidier,” Microrim chair¬ 
man Erickson said. 


Microrim’s work was far from fin¬ 
ished once the C conversion was com¬ 
plete, however. It still had to convert 
the C code to run under OS/2. 

ONE-MAN JOB 

The OS/2 conversion was less involved 
than it might have been because Micro¬ 
rim earlier had decided to limit its 
near-term efforts to producing a func¬ 
tionally equivalent OS/2 version of 
R:BASE System V without adding all the 
bells and whistles. Lindsay took on the 
job himself, using a Compaq Portable 
286 computer with 2MB of extended 
memory. The one-man operation took 
three months. “In terms of effort, it 

^\odular programming 
and the structured, well- 
balanced code ofR:BASE 
substantially expedited the 
OS/2 converskm. 


was really only about half of a conver¬ 
sion,” he said. “There weren’t any big 
surprises; we were able to do exactly 
what we wanted. That probably 
wouldn’t have been true if we were 
doing more than just a straight port.” 

Both modular programming and 
the structured, well-balanced code of 
R;BASE System V substantially expedited 
the OS/2 conversion. Erickson ex¬ 
plained, “We’ve always tried to keep 
our machine- and operating-system- 
dependent code clearly isolated, so the 
number of routines we had to change 
for OS/2 was considerably smaller than 
it could have been.” 

Earlier conversions of Microrim 
products from different operating sys¬ 
tems compelled company engineers 
long ago to isolate all operating- 
system-specific operations into a small 
set of procedures that other routines 
call whenever they need operating- 
system services. This set of procedures 
was placed into a library. Instead of 
making DOS calls directly, the rest of 
the routines in R:BASE System V called 
the routines in this library. As a result, 
the task of isolating DOS calls is easier, 
and fewer system-specific modules 
need to be rewritten. 

Of approximately 2,500 total rou¬ 
tines making up R:Base System V, only 
25 to 50 of them contained DOS calls 
that needed to be converted. Conse¬ 


quently, only about two percent of ap¬ 
proximately 90,000 total lines of source 
code needed to be changed. Proce¬ 
dures that did not issue operating- 
system calls were able to function 
under OS/2 without change because 
none of them breaks rules of pro- 
tected-mode operation, such as per¬ 
forming arithmetic on segment regis¬ 
ters or attempting to access memory 
outside assigned memory space. 

Any operating system jftinctions 
handled by calls to standard C library 
routines were, for the most part, auto¬ 
matically taken care of simply by re¬ 
compiling with the OS/2 version of the 
compiler. Changes were required, how¬ 
ever, in the operating-system calls is¬ 
sued by assembly language routines. 
The majority of effort was spent isolat¬ 
ing all DOS-style calls (placing values 
in registers and issuing an INT 21) and 
replacing them with equivalent OS/2 
calls (pushing values on the stack and 
calling OS/2 procedures). 

In some cases, the conversion 
could be applied at a higher level. Be¬ 
cause of the higher-level syntax of the 
OS/2 applications program interface 
(API)—ffie rules for calling up OS/2 
routines—some calls to assembly lan¬ 
guage routines implementing custom¬ 
ized system interfaces were replaced 
with direct calls to OS/2 funaiohs. (See 
“The Flexible Interface,” David A. 
Schmitt, this issue, p. 110.) 

After isolating DOS calls and deter¬ 
mining OS/2 equivalents, Lindsay tested 
each of the new system calls with a 
small test program. By taking this ap¬ 
proach, Lindsay could monitor system 
operation and determine any operating 
quirks, performance problems, or bugs. 
He was able to determine immediately 
whether he would need to redesign 
parts of the application because of dif¬ 
ferences between DOS and OS/2. 

In at least one instance, Lindsay 
had to make some modifications. Appli¬ 
cations that formerly wrote to DOS 
video memory easily wrote to the OS/2 
logical video buffer, but applications 
that send characters to the screen one 
at a time experienced a significant 
slowdown. To improve performance, 
Lindsay reprogrammed the R:Base video 
procedures to write a string of charac¬ 
ters to the logical video buffer first, 
then to update the screen. 

The extent of IBM and Microsoft 
contributions to the rjsase System V 
conversion effort is unclear. “We had 
what we needed, and we got help 
when we needed it,” Lindsay said, but 
he would not elaborate because of a 
confidentiality agreement that Microrim 
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PORTING TO OS/2 


signed prior to the conversion. Neither 
would Lindsay describe the documenta¬ 
tion he worked from, although it is 
safe to assume that the material was 
similar to the OS/2 Software Develop¬ 
ment Kit now available commercially. 

BETTER WITH OS/2 

Because the conversion went smoothly, 
Microrim completed its prototype OS/2 
version of R:Base System V in time for 
the introduction of IBM’s OS/2 on April 
2 in Miami. The conversion was essen¬ 
tially a direct port of the DOS version. 


but it automatically takes advantage of a 
couple of OS/2 features. 

First, the ported program is not 
restriaed to DOS’s 640KB memory lim¬ 
itation. Instead of being heavily over¬ 
laid as the DOS version is, the entire 
program (approximately 680KB worth) 
is loaded into memory at once. This 
improves the performance of the prod¬ 
uct, and it also eliminates the develop¬ 
ment burden of having to plan an over¬ 
lay structure to optimize performance. 

In addition, R£ase System V and 
other OS/2 applications can be multi- 


tasked or a user can invoke two copies 
of RBASE simultaneously to obtain 
multitasking features not built into the 
program. For example, a user can start 
up one copy of the program to print 
out a report and start another one to 
enter records into the database. Be¬ 
cause OS/2 shares code segments, the 
memory space required by each subse¬ 
quent invocation of a program is signif¬ 
icantly less than the first. Also, because 
DOS’s networking features are carried 
over to OS/2, R:Base System V’s built-in 
networking capabilities enable multiple 
invocations of the program, as well as 
multiple users, to update the same 
database without fear of corruption. 

Microrim did not find that the 
OS/2 version of R;Base System V runs 
any slower than the DOS version. Cer¬ 
tainly, OS/2, as a multitasking operating 
system, has more overhead and could, 
in general, be expected to run slower 
than a single-tasking application such as 
DOS. However, because Microrim was 
able to remove the overlays required 
under DOS for R:BASE System V, the 
company actually improved the perfor¬ 
mance of the OS/2 version. 

Instead of focusing on raw speed 
for isolated functions (i.e., sorting). 
Microrim believes that users should 
look at total throughput over time of 
combined functions (sorting, printing, 
etc.) to determine whether an OS/2 
version of an application is superior or 
inferior to a DOS version. “It’s not how 
long a sort takes, but how much I can 
get done in an hour that’s important,” 
Fred Gray, Microrim’s senior vice presi¬ 
dent of research and development, 
said. The multitasking features of OS/2 
give database users the ability to get 
more done per hour. 

Microrim managers remain confi¬ 
dent that the OS/2 conversion was 
worthwhile and has put them in an 
ideal position in the marketplace. If 
IBM releases OS/2 immediately, Micro¬ 
rim could release the ported R:Base 
within days. Meanwhile, they have a 
team of developers enhancing the 
product with OS/2-specific features. 

The upcoming Presentation Man¬ 
ager, being developed by IBM and 
Microsoft for use with OS/2, presents 
another opportunity to Microrim. Al¬ 
though sophisticated database users 
might not be helped much by a graphi¬ 
cal user interface, such as the Presenta¬ 
tion Manager, Microrim understands 
that effective use of graphics can help 
novices pick up database concepts 
more easily. In addition, the ability to 
build graphically oriented database 
applications could help sophisticated 


SAVE TIME and ADD PRODUCTIVITY 

with 


ruD-siiEir 


begin 
clrscr; 
writelnC' 
vriteln(' 
vriterlnC • 
vriteln(' 
writeln(' 
writelnC' 
writelnC' 
writelnC' 
writelnC ' 
writelnC ' 
writelnC' 
writelnC ' 
writelnC' 
writelnC' 
writelnC' 
writelnC' 
writelnC' 
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writelnC' 
writelnC' 
writelnC' 
writelnC' 
writelnC' 
writelnC' 
writelnC' 
writelnC' 
writelnC' 
writelnC' 
end. 


XO-SHELL 


XO-SHELL la a removable memory resident program which provides the user the 
following capabilities WHILE RUNNING an APPLICATION: 

■ DIRECTLY FROM a SCROLLABLE DIRECTORY DISPLAY, you can view files, copy 
files, erase files, change the default directory, and, when not in an 
application, execute programs. 

■ You can DISPUY ANY FILE, TRANSFER ANY SECTION of that file for PRINTING, 
or transfer it to the keyboard for INPlflTING INTO YOUR EDITOR. 

■ You can PRINT FILES WITHOUT LEAVING an APPLICATION. You can include a 
header line, containing current date, title, file name, file creation 
date and page number on every page of a list. 

■ You can SEARCH STRINGS from a file or group of files that you specify; 
you can do the MOST EFFICIENT CROSS-REFERENCING in the middle of 
programming by searching variables fr<xn source files. 

■ You can CREATE or EDIT FILES. 

■ You can control and use your printer as a typewriter. 

■ You can INPUT ANY IBM-PC CHARACTER as easily as you input regular ASCII 
characters. You can easily draw vertical or horizontal lines in your 
source code by choosing graphics characters from a pop-up window. 

■ You can OBTAIN the KEY CODE of any key combination without looking up a 
reference or going through a difficult interpretation. 

■ You can COLLECT the APPLICATION'S SCREEN displays in a file and later 
edit or review them. 

■ A DOS COMMAND EDITOR allows you to retrieve, edit and reexecute previous 
DOS commands. It also PREVENTS an ACCIDENTAL HARD DISK FORMAHING. 


XO-SHELL works with most editors (such as Turbo PASCAL, Turbo C, Turbo BASIC, and 
Quick BASIC editors) and application software such as LOTUS 1-2-3. It runs on IBM-PC's, XT's, 
AT's, PersonalSystem/2's and true compatibles, and requires PC/MS-DOS 2.0 or higher. 

To order, send $69 plus $5 Shipping and handling, or call 


1-800-635-5011 (outside MA) 


lUliTE 


WYTE CORPORATION 
701 Concord Avenue 
Cambridge, MA 02138 
Tel. (617) 868-7704 


Turbo PASCAL, Turbo C and Turbo BASIC aro tradomarka of Borland.Intornattonal, and. IBM-PC. XT. AT. 
ParaonalSyatam/2. PC-OOS aro tradamarka of IBM corporation. MS-DOS, Qulck^BA$lc ara^tradamarka of' 
MIcroaoft Corporation, and Lotua 1-2-3 to a tradamark of lotua Dovalopmant Corporation. 
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The Next Evolutionary Step 
In Editing Source Code 


Source Code Files 


F9-Rename File 


Menu Shell Doubles as an 
Instant Command Key Reference 
jUse of menu is optional/ 


Context Sensitive Help 


sFl-Find/Replace aFl-Cut&Paste aFlO-Utilities sFlO-Parameters 


Get 


File 


Release 


Save 


Rel 


F5-Save Bak Release 

*F7-Write File 
‘F8-Print File 


byte yy 
byt 
byte dd 
long no 


NSIZE + 1] 


rgv[l],"ra",path))) 


Flo 


Delete 


INSERT FILE Command 


SF7 


insets the contents of a user 
specified file above the current line. 


FI = Help 


A:\XAPP.C INSERT AUTOINDENT Line 


XAPP.c 13 Warning 93; no reference to identifier "ofp" 
XAPP.c 13 Warning 93: no reference to identifi^rJIfijastt- 
XAPP.c 14 Error 77: identifier expected 
XAPP.c 14 Error 77; identifier expected 
XAPP.c 14 Error 57; semi-colon expected 


Compiler Error Messages 


FI = Help 


A:\ERR.MSG INSERT AUTOINDENT Line 


The difference is in the 
human interface 

While most of the other major 
program editors are based on 
yesterday's methodologies of main¬ 
frame and mini computer editors, 
VerslEdit uses a fresh approach 
that is best suited for PC's. 

The commands are assigned to keys 
for the best use of the PC keyboard. 
The interface is optimized for a mini¬ 
mum number of key strokes per 
task. VersiEdit has true context sen¬ 
sitive help. You can execute the 
commands either through the menu 
or directly. VersiEdit is incredibly 
easy to use. To get started, all you 
need to know is three keys: Help, 
Menu, and Cancel. 


Ease of use with no 
compromise in power 

• Windows—Vertical, Hori¬ 
zontal, Adjustable (max 8) 

• Excellent Directory and Envi¬ 
ronment Variable Support 

• Powerful Cut & Paste 
and Find/Replace 

• Supports all Computer 
Language Formats (indents, 
line numbers) 

• Restores Deleted or 
Modified Lines 

• EGA Large Display 

• Brace/Parenthesis/Bracket 
Balancing 

• Summary Display 

• Auto Indent 

• DOS Gateway 

• Easily Customized 

• Much More 


lyy VersiEdit at no risk 

Try VersiEdit for 30 days. If for 
any reason you are not completely 
satisfied, return it for a full refund. 

ORDER TODAYTOLL FREE 
(800)521-6308, 


Minimum System Requirements: 
PC or compatible with 320K RAM, 
DOS 2.0 or higher 

Cvberfech 

The Quality Software Company 

RO. Box 1337 
Falls Church, VA 22041 




In Virginia (703) 820-9515 . / 



dIus $5 shipping and handling, 
Virginia residents add 4.5% sales tax 
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PORTING TO OS/2 





\bu’re in the 
driver’s seat. 


B Writing MS-DOS Device Drivers by Robert S. Lai 

and The Waite Group presents an in-depth discussion 
of device drivers for the IBM PC. Written for pro¬ 
grammers with some knowledge of assembly language, 
this guide uses practical examples to instruct readers 
on device driver concepts and techniques. A library 
of examples includes a driver that writes text to screen, 
printer drivers for serial and parallel ports, a real-time 
driver for a clock/calendar board, and a complete 
installable driver for a.RAM disk. 

Memory Resident Programming on the IBM PC 
by Thomas A. Wadlow helps experienced assembly 
language programmers create programs such as calcu- 
lators, thesauri, and file browsers which reside in RAM. 
Supercharging C with Assembly Language by Harry R. 
Chesley and Mitchell Waite gives C programmers tips on creating faster, more 
powerful and more responsive C programs. 

All available now wherever computer books are sold. 


addison-wesley 

Reading, Massachusetts; Don Mills, Ontario 

CIRCLE NO. 128 ON READER SERVICE CARD 


Design and Revise Screens Painlessly With Our Panel Editor. 

Use our interactive Panel Editor Facility to design your screens‘with a What-YoU'See-Is-What^dd-Getlapproach. You can 
easily modify and experiment with screen layouts. Type tides and descriptive information d^ thejfcreen, draw lines and 
boxes using the cursor movement keys, and paint thp colors'you want using the curSt^ keys Idr^Stock functions. Use all 
256 color combinations on your screens. 


Programming for SCREENIO is Easy. 

You can display your semen and accept data \nth as few as two statements; a COPY panelnamc in your VCORKING-STORAGE 
SECTION, and a CALL SCREENIO statement in the PROCEDURE DIVISION. SCREENIO is linked with your applica¬ 
tion just as any other COBOL subroutine would be. 

Yes, we’ve always done windows. SCREENIO supptirts Edit Masks'. Automatic Error Detection and Editing, High Speed 
Video, Hot-Fields, Key Redefinition, Foreign Language Cajjability, Custom Tabbing Order, Color Control at Runtime, PC 
Speaker Control, and much, much more. A BMS Mapset Import is available. Most programmers are amazed at how easy 
it IS to build flashy applications using SCREENIO and COBOL. 


Our Support is Outstanding. 

We provide superb telephone support. Upgrades are distributed to licensed users automatically for the first 
no Runtime Fees - the code y6u develop is yours to distribute freely. 


We’ll Send You a Free Demonstration Diskette. 


This limited version of our Panel Editor shows how you design panels. Because it’s written with COBOL and SCREE NIO. 
it also shows the kind of features and performance you can expiect in your applications. 

SCREENIO 2.1 is only $400 plus shipping. Save $100 - order SCREENIO and Realia COBOL from 
us. We also offer packages with Kedit, a great programming editor. Ask about our other - 

programming tools, too. 

Not satisfied with FORMS""? Ask about SCREENIO for Micro Focus'"'COBOL. 


Northern Computing Consultants 

RO. Box 020897 • Juneau, Alaska 9980^^^^ 

(907) 780-6464 • TELEX 510 601 4951 (N^oom 


users bulled better applications for 
novices to use. Because the release 
date of the Presentation Manager is 
uncertain, Microrim has not made firm 
plans about which Presentation Man¬ 
ager features to put in R:Base System V. 

Even in their enthusiasm to de¬ 
velop an OS/2-only version of R:Base 
System V, Microrim officials have not 
deserted their DOS customers. The 
company already supports its products 
on both CTOS and DOS, and OS/2 
adds another entire operating system to 
the list. In addition to converting R:BASE 
System V, Microrim plans to update all 
of its products to take advantage of the 
new OS/2 features. All other Microrim 
products, except Clout, already have 
been converted from FORTRAN to C. 
Because they use a common set of li¬ 
brary routines to perform system oper¬ 
ations, converting other products to 
OS/2 should go even more smoothly 
tlian R:BASE System V. 

Microrim was in the right position 
at the right time to do a quick conver¬ 
sion to OS/2. The company’s database 
management products are well suited 
to quick conversion because they are 
not graphically based and do not break 
any operating-system interface rules, 
such as writing to unallocated memory. 
More importantly. Microrim was experi¬ 
enced in converting to other operating 
systems, so it knew the importance of 
writing modular, well-behaved code. 

Lindsay cautioned against expect¬ 
ing to convert all DOS calls to OS/2 
and have them work right away. He 
stressed use of modular code and rec¬ 
ommended making poorly structured 
DOS programs modular first, isolating 
operating-system calls to a few proce¬ 
dures. When restructured code is work¬ 
ing correctly under DOS, operating- 
specific-routines can tlien be recoded 
under OS/2 and tested. By isolating 
operating system calls to just a few pro¬ 
cedures, OS/2 conversion involves 
changing only a small set of proce¬ 
dures, not searching through every line 
of source code. “Even if you don’t have 
modular, well-behaved code before you 
start converting, you will when you fin¬ 
ish,” Lindsay concluded. I 'iMmiiii m 

Microrim 

3925 159th Avenue, NE 
Redmond, WA 98052-9722 
2061885-2000 

R:BASE System V (DOS version): $700 
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Steven Armbrust is a freelance technical 
writer who has been a contributing editor to 
PC Tech Journal for the past two years. 
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PROTORTTO 
RN/FORTRAN 1.4 

$mn 


OK, PROFORT users, you’ve got 
some catching up to do. And RM/ 

FORTRAN™ 2.4 is the best way to 
doit. 

That’s because RM/FORTRAN 
2.4 is the latest version of the 
original RM/FORTRAN sold by 
IBM as “IBM PC Professional 

FORTRAN by Ryan-McFarland.” _ 

So even with all the extras and ^ 

upgrades, RM/FORTRAN 2.4 (| 

is still 100% source code compatible 
with your existing PROFORT 
applications. 

The biggest improvement— 
the addition of a real power-user’s development 
environment called RM/FORTE. This totally 
interactive set of development tools includes a 
Source Code Project Manager, an Editor with 
Diagnostic Locator, a “Make” facility. Split 
Screen Debugging, and a Syntax Checker. It 
does the grunt work so you can spend more 
time programming—less time on file prepa¬ 
ration, housekeeping and moving between 
development tasks. 

Feel the need for speed? Your programs can 
execute 45 percent faster than with PROFORT. 
And RM/FORTRAN 2.4 has nice extras like 
VAX, VS and FORTRAN-66 extensions; 
coprocessor emulation; a convenient Microsoft- 
compatible C interface; and for PS/2 users, it’s 
available on 3.5-inch diskette. 

The cost to PROFORT users is just $195, plus 
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shipping and handling for a 
LJMITED TIME ONLY. To get 
this special price, you must 
include your PROFORT disk¬ 
ette with the order. VISA, 
MasterCard or check are 
accepted. 

Join the PROFORIUnate 
who have traded up to RM/ 
FORTRAN 2.4. To order call 
213-541-4828. A 

Or send in 
the coupon. 

Austec Inc. 

Incorporating Ryan-McFarland 
609 Deep Valley Drive 
Rolling Hills Estates, CA 90274 



AUSTEC 


□ Send me RM/FORTRAN 2.4. 

□ Send more details. 


TJll 


Name 


Company 


Street 


State 


ZIP 


r 

I Ibtal Cost $195. 4- Shipping + Sales Tkx* = $ 

H Add $10. for U. S./Canada shipments. 

I Add $60. for shipments outside U. S./Canada 
California residents only add 6.5% Sales Thx 


City 


□ VISA □ MasterCard □ Check 


VISA/MC# 


Exp. Date 


Signature 




1971. Kansas 
tornado blows out DEC” 
PDP-IIs. Files saved 
on 3IV1 data cartridge tapef 


1972. Moonlighting 
programmer deprograms company’s 
production records. Files 
saved on 3M data cartridge tape. 


1973. Fastidious 
janitor turns off IBM* 370. 
Files saved on 3M data 
eartridge tape. 



1978. Colorado electric 
storm jolts Wangs!* 
Files saved on 3M data 
cartridge tape. 



1979. Little Stevie Fong 
flips floppies out 

father’s office window. Files saved 
on 3M data cartridge tape. 


WSO.Tfemporary help 
permanently dumps accounting 
records on Apple Ilf. Files 
saved on 3M data cartridge tape. 



1984 Hard disk fails 
in soft market: brokers panic. 
Files saved on 3M data 
cartridge tape. 



1985. Sal’s Diner. 
Dropped eggs scramble Macs.” 
Files saved on 3M data 
cartridge tape. 


1987. Delivery boy delivers 
IBM PS/2” swiftly and 
abruptly to the sidewalk. Files saved 
on 3M data cartridge tape. 












1975. Head of the 
office trips, pulls plug on 
HP^SODO. Files saved 
on 3IV1 data cartridge tape. 




1976. Unnamed computer 
does the unmentionable. 
Files saved on 3M data 
cartridge tape. 


1977. Office 
fire bakes Apple* lls. 
Files saved on 3IVI data 
cartridge tape. 



1981. Circuit breaker 
flips, floppies flop. 
Files saved on 3M data 
cartridge tape. 


1982. Head crash 
proves fatal to Lisa.™ Files 
saved on 31V! data 
cartridge tape. 


1983.Thief sneaks 
away with Osbornesf Files 
saved on 31VI data 
cartridge tape. 



1990. Somewhere, 
somehow, on some computer, data 
will crash. Files will be 
saved on 3M data cartridge tape. 



Computers come, and computers go. 

But when they go out abruptly, you’ve always been 
able to rely on 3M data cartridge tape for backup. 

In fact, 80% of the peopfe who back up on data 
cartridge tape back up on 3M, 

Why? 

We’ve been covering computer and human errors 
almost longer than computers and humans have erred 
together. 

Not only did we invent and patent data caitridges, 
we’ve continually patented the innovations that make 
data cartridge backup the best way to back up data. 

Which is something that’s never changed. 


Call (800) 423-3280 for a brochure. 

_s/owner: DEC/Digital Equipment Corporation: IBM, Personal System/2/Inter 

Machines Corp.; HP/Hewlett-Packard; Apple, Lisa/Apple Computer Inc.; Wang/Wang Laboratories; 
Osborne/Novell, Inc.; Mac/Macintosh Laboratory, Inc. 


*True to life stories. 
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parties dom in DP. 

So I asked Doi^ U) come up to ours. Dou^s 
the real brains behind our new 3B ^stem. He's 
the reckon our computers can now talk to the 
IBM in Accounting and the DEC in Manufac¬ 
turing. If you know anything about DP, that 
amounted to doing business across the Berlin 
Mid. Doughadabmimtorntandsiig^sted 
AT&T. Their approach is standardizing communi¬ 
cations between different ^sterns. I don’t have to 
tell you that’s opened some doors around here. We 
owe Doug a lot. 

AT&T comes through. Ijlljllll 


Ihe AM 3B Computers 

ATST now offers a full line of departmental workgroup 
computers serving up to 300 users. A rich library of system and 
applications software includes host connectivity, development 
tools, programming languages, database management, OA, 
and a world of other UNK® Swtera programs. 

LAN standards: Interfaces to Ethernet*, AW-ISN, 
STARLAN Network, DECnet** and more put different depart¬ 
ments in touch. 

Industry standards including IBMt 3270, SNAt, BSC 
and X.25 link rhainframe, midrange and micro environ¬ 
ments. 

Commuriicatims softmre moves data tran^arently 
between applicationsylapack^es like LU 6.2, AM Document 
Exchange and others7For the ftrll story on AMk surprising 3B 
Computers, call now: 1800 247-1212. 

From equipment to networking, from computers to 
commlmications, AM is the right cfioice. 

*Eihcfnef b» a traclemark of Xerox Corp. 

♦♦DECnet Ks a tegt.siereU trademark of Digital Equipment Corp 

tlBM i.v a registered trademark and SNA is a trademark of lnternationa4 Buxinexs 

Machines Corp. 

C719H7AT&T , ‘ ‘ ' 


The right choice. 
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Choosing the wrong database management 
software can be like doing time. 

Ask Harry Viens, the executive vice- 
president of an advertising agency 

Using a copy of dBASE,® he spent a year 
trying to learn its programming language to 
develop applications on the agency’s PC to track 
income against forecasts. 

But with dBASE, all he ended up with was 
wishing he’d used R:BASE® System V, the data¬ 
base software you don’t have to be a program¬ 
mer to use. 

“AFTER USING dBASE 
I HAD TO BE DEPROGRAMMED.” 

Viens knew his mini-computer was fine 
for bookkeeping, but wasn’t capable of turning 
around management reports - critical for 


making quick decisions. 

“We’ve got to make decisions in real time, 
not wait a couple of months to find out what’s 
happening today,” Viens said. 

“I tried to build this dBASE application 
nights, weekends and during holes in my sched¬ 
ule. But almost a year later, the miserable thing 
still wasn’t done,” Viens told us. 

“The language is unnatural. I guess 
some people love writing code. For me, that’s like 
trying to mow the lawn with nail clippers.” 

“I SAW, AND I BELIEVED!’ 

Being an advertising person, Viens actually 
reads ads. He saw our claim that you don’t 
have to be a programmer to use R:BASE, and 
bought it. 

Because of our EXPRESS System, he was 
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- Harry Viens, R:BASE System V user. 
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able to build the kind of application you’d expect 
in a custom program from a professional pro¬ 
grammer. All without having to write one line 
of code. 

“It took me just three days to do it working 
part-time,” Harry said. So now he can track his 
forecasts and break them out by the account 
person who made them. 

“R:BASE System V is an amazing product. 
Despite its power you never seem to get trapped 
in a comer you can’t get out of.” 

CALL 1-800-624-0810, DEPT. PT1187 
FOR A TRIAL PACK. 

Lots of people like Harry Viens have been 
saving time with R:BASE System V. 

Discover the difference R:BASE can make. 
Call for our My- functional Trial Pack. It’s just 


$19.95 plus shipping for the 5.25-inch Trial Pack. 
Or just $24.95 plus shipping for the 3.5-inch 
Trial Pack. 

From Alaska and Canada, call 1-206-867- 
1800, Department PT1187. 

We can also put you in touch with an auth¬ 
orized Microrim dealer who will take you through 
the software firsthand. 

It wOl be time well-spent. 

R:BASE 
SYSTEM V 

MICRORIM 

Info World’s Overall MS-DOS Software Product of the Year. 



The 5.25-inch formats run on IBM PC, XT, AT and 100% compatibles, and on all major LANS, with no additional cost 
for extra users attached to the server. The 3.5-inch formats run on IBM PS/2 and other 100% MS-DOS compatibles. 
TVademarks/Owners: Microrim, R;BASE/Microrim, Inc.; IBM. PS/2/lnternational Business Machines. Inc.; dBASE/ 
Ashton-Tate Corporation: InfoWorld/CVV Communications, Inc. © 1987 Microrim. 
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T he big race is on between AI^PC (Advanced 
Program-to-Program Communication) and 
NEraiOvS (Network BIOS), IBM’s two major local 
area network (LAN) communication interfaces. APPC 
promises true program-to-program connectivity among 
dissimilar machines in a network, but so far has no 
commercial applications in the PC world. NETBIOS is 
widely implemented, but is limited to communications 
among microcomputers. While too early to declare 
one the interface of choice, each can be examined to 
understand its uniqueness and its potential. 

APPC provides peer-to-peer communication 
among all cooperating programs in a nen^v'ork— 
programs running in the same building or halfway 
across the world on IBM’s microcomputers, minicom¬ 
puters, and mainframes, or other vendors’ products. It 
is the most recent step in the evolution of IBM’s Sys¬ 
tems Network Architecture (SNA), from its terminal- 
oriented past. Further, it is a strategic part of IBM’s 
broad System Application Ai*chitecture (SAA) intro¬ 
duced last March, an all-encompassing set of interfaces 
and, protocols designed to provide a consistent, famil¬ 


iar environment for applications and users across a 
broad range of IBM products. The first SAA environ¬ 
ment—^and, perhaps, the first real test of APPC in the 
world of microcomputers—will be IBM’s Operating 
System/2 (OS/2), to be released in stages starting in 
the first quarter of 1988. 

NETBIOS is the foundation for IBM’s existing PC 
LAN . Program. NETBIOS is widely available, requires 
less mempry than APPC implementations, and is rela¬ 
tively uncomplicated. Introduced in March of 1984 
with the announcement of the PC Network, NETBIOS 
has become a de facto standard for PC-based LAN 
communications. Most major LAN operating system 
vendors provide a NETBIOS interface, including AST 
Research, Banyan, Excelan, Novell, 3Com, and IBM. 

Although Al^PC was introduced for IBM’s main¬ 
frame environment in 1982, the PC version, AJd^C/PC, 
was not released until 1986 and was limited to IBM’s 
Token-Ring Network and Synchronous Data Link Con¬ 
trol (SDLC). Last April, APPC/PC gained of support for 
PC Network hardware, with IBM’s announcement of 
its Local Area Network Support Program. 












NETBIOS AND APPC 


A Different BASIC Might 
Make All the Difference 

We’ll skip the four-color gatefold. And the extravagant claims. 

Because if you’re serious about programming, you just want the straight facts: 


Thie 

BASIC 

2.01 


Microsoft 
Quick Basic 
3.0 


Borland 
Ibrbo Basic 
2.0 




1 Supports Hercules Graphics ..... .3 

NO 

NO 

Device-Independent Graphics Syntax 

' 7 "’ 

NO 

NO 

User-Defined Coordinates 

I 

LIMITED 

LIMITED 

Matrix Graphics Coordinates 

37 . ' 

NO 

NO 


Matrix Algebra 


NO 

NO 

Maximum Numeric Array 

UNLIMTIED 

64K 

64K 

Max. Number of Array Dimensions 


63 

8 

Max. Number of Elements/Dimension 

UNLIMITED, 

32K 

32K 

Dynamic Redimensioning 


NO 

NO 

Matrix I/O Statements 


NO 

NO 


Maximum String Length 


32K 

32K 

Total String Space 

UNLIMITED 

64K 

64K 

Maximum Record Size 

iesMB . 

32K 

32K 

Max. Bytes/Bioary File Read 

.. ■■ ..j 

NA 

32K 


Modules 


NO 

NO 

Separately Compiled Libraries 


LIMITED 

NO 

Workspaces 

■7 yes' 

NO 

NO 

Inunediate Mode 


NO 

NO 


Stop/Continue Execution 


NO 

NO 

Max. Source File 


UNLIMITED 

64K 

Script Files 


NO 

NO 

Keystroke Macros 

;7 y; 

NO 

^NO 

Max. Characters/Line 


255 char. 

249 char. 

Max. Scalar Data Space 

iJNLIMifeD' 

64K 

64K 

Mouse Support 

'..M 

NO 

NO 

80386 Version 

'¥ESV' 

NO 

NO 

Portability to: 

^acin^s^^ 

Translation 

required 

No other 
machines 


^Three very structured, very powerful programming packages. All 
" with fancy editors and fast compilers. Two of them are the same in 
other respects. And one of them, True BASIC, is quite a bit 
different. With syntax and features that will make you more productive. 

That’s why reviewers for magazines like BYTE, PC Tech Journal and 
Computerworld keep giving True BASIC their top 
marks. And why OEMs pick. True BASIC after 
they’ve evaluated all the others. See why True 
BASIC can make the difference for you. 

Call 1-800-TRBASIC today. 

True BASIC, Quick Basic and TUrbo Basic are trademarks of True BASIC, Inc, Microsoft SOUTH MAIN STREET 

and Borland, respectively. Macintosh, Amiga and Atari are trademarks of Apple Computer, HANOVER N H 03755 
Inc., Commodore-Amiga, Inc. and Atari Corporation. Copyright 1987 True BASIC. 

Specifications are accurate as of August 1987. (603) 643-3882 
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Most current real-world uses of 
APPC center around IBM’s office auto¬ 
mation architecture, its Distributed Of¬ 
fice Support System (DISOSS), which is 
used mostly on mainframes and mini¬ 
computers (see the accompanying side- 
bar, “APPC in the Real World,” for a 
detailed description). A subset of APPC 
is contained in IBM’s Enhanced Con¬ 
nectivity Facilities (ECF), a transparent 
microcomputer-to-mainframe link used 
for transferring files, sharing printers, 
and servicing virtual disks. APPC is also 
used in NetView and NetView/PC, IBM’s 
network-management applications, and 
in its Distributed Data Management 
(DDM) architecture, which allows trans¬ 
parent record-level access to files on 
remote machines. Other mainframe 
and minicomputer vendors have imple¬ 
mented APPC, but, so far, only IBM of¬ 
fers APPC on a microcomputer as a 
commercial product for end users. 

HOW THEY STACK UP 

Although APPC and NETBIOS both pro¬ 
vide network communication interfaces 
and can support microcomputers, they 
differ in a number of significant ways, 
including the environments for which 
they have been implemented, the func¬ 
tions and features they offer, and the 
completeness of their definitions. They 
are alike in that each requires an un¬ 
derlying communications system. In 
both cases, vendors are likely to use 
their own preferred protocols to imple¬ 
ment those underlying systerhs. 

However, the two interfaces were 
designed for different purposes. APPC 
is specifically designed to be an any- 
xo-any protocol, providing a standard 
program-to-program communications 
interface, independent of operating sys¬ 
tems, hardware, programming lan¬ 
guages, data formats, communication 
protocols, and network configurations. 

It is also IBM’s solution for corporate 
distributed processing, in which geo¬ 
graphically separated programs can 
share and process information. 

NETBIOS, however, is used almost 
exclusively in the microcomputer LAN 
environment. Few vendors plan to sup¬ 
port it on minicomputers or main¬ 
frames. Its main strength is that it is 
well-established as a standard. Addition¬ 
ally, its lack of definition for all but the 
program interface means that it can be 
layered over most vendors’ existing 
protocols. The long-term prognosis for 
NETBIOS is uncertain, however. Al¬ 
though IBM is emphasizing APPC as its 
future direction, it has included a 
NETBIOS interface in the OS/2 Com¬ 
munications Manager (part of the OS/2 
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0VC m THE REAL WORLD 

The major group of products and ar¬ 
chitectures using APPC today are 
those associated with IBM’s DISGSS. 
The purpose of DISOSS is to allow 
v^ious IBM systems to store, retrieve, 
and exchange documents, including 
text files and messages. Ttie 61 SOSS 
products that use APPC are: 

• SNA Distribution Services (SNADS), 
an architecture for the store-and- 
forward distribution of the follo\v- 
ing: text files, documents, image 
streams, and binary data. 

• Document Interchange Architecture 
(DIA), which defines rules and data 
structures for exchanging distribu- 
tion objects. Neither SNADS nor 
DIA is inseparable from DISOSS. If 
either migrates to another environ¬ 
ment, APPC comes with it. 

• Personal Services office-automation 
software, which supports word pro- 
, cessing, electronic mail, document 
distribution, library services^ and 
printing, and uses SNADS, DIA, and 
DISOSS to transfer information. 

. (Document Content Architecture, or 
pCA, which defines the form and 
meaning of a document’s contents, 
uses SNADS and DIA, but not APPC, 
because it is not a communications 
architecture.) 

Other APPC implementations include: 

• Distributed Data Management 
(DDM), an IBM distributed file- 
access architecture, is built on APPC. 
It allows the computer’s operating 
system to transparently find a file or 
record on another machine and 
transfer it to the local machine. 
DDM/PC is the PC version of DDM. 

• NetView and NetView/PC, IBM’s 
host-based network management 
applications, use APPC as its com¬ 
munications system. They allow IBM 
and non-IBM products to send sta¬ 
tus information and alerts to a 
mainframe, so that the entire net¬ 
work can be managed from one 
central location. NetView/PC uses 
APPC protocols internally; it does 
not, however, require APPC/PC. 

• Enhanced Connectivity Facilities 
(ECF) is a set of applications for in¬ 
terconnecting PCs and System/370 
hosts running MVS/XA or VM oper¬ 
ating systems. Announced in June 
1986 for availability late in 1987 , 

ECF can be used, for example, to 
access host resources such as print¬ 
ers, virtual files, or virtual disks. 

V ECF includes two types of pro¬ 
grams: which run in PCs 


and request service from hosts; and 
servers, which run in hosts and sat¬ 
isfy requests. These two types of 
programs communicate using the 
Server-Requester Programming In¬ 
terface (SRPI). SRPI uses a subset of 
APPC that contains the ALLOCATE, 
DEALLOCATE, SEND_DAIA, and 
WAIT_AND_RECEIVE verbs. How¬ 
ever, programs using SRPI do not 
issue these verbs, but use a simpler 
programming inteiface based on 
requests and replies. SRPI is like a 
macro, performing the APPC func¬ 
tions with one issuance of a request 
or reply. Thus, SRPI shields servers 
and requesters from the underlying 
communications environment Al¬ 
though simpler, it is less powerful 
and flexible. SRPI will be available, 
initially at least, only for PCs and 
System/370s, not for System/3x ma¬ 
chines. Furthermore, the PCs must 
be the requesters, and the System/ 
370s, the servers. Therefore, ECF 
and SRPI cannot be used for PC-to- 
PC communications. - 

• Advanced Peer-to-Peer Networking 
(APPN) was originally designed for 
the IBM System /36 minicomputer, 
although it may be developed for 
other machines in the future. APPN 
provides two main functions: de¬ 
centralized routing and dynamic- 
network reconfiguration. 

• Decentralized routing allows pe¬ 
ripheral nodes to perform interme¬ 
diate routing functions. Traditionally, 
routing in an SNA network was per¬ 
formed by subarea nodes, such as 
host computers (mainframes) or 
communication controllers (3725s, 
for example) attached to main¬ 
frames. Peripheral nodes, such as 
cluster controllers, minicomputers, 
and microcomputers, could not 
route messages. Therefore, sessions 
between peripheral nodes had to 
be established by a host node; with 
APPN, a session can be established 
by an APPN node. 

Dynamic-network reconfiguration 
allows the System/36 to modify lists of 
known nodes on the fly. Traditionally, 
routing tables in SNA networks were 
modified through a SYSGEN opera¬ 
tion, which required bringing down 
the network. Routing tables in APPN 
nodes can be modified as needed, 
without a SYSGEN. 

The “control points” (CPs), or 
control functions, in one APPN node 
use APPC to communicate with con¬ 


trol points in other APPN nodes; 
Functions managed by GPS include 
connectivity services (establishing new 
links dr defining new nodes), direc¬ 
tory services (identifying which nodes 
contain which LUs), route-selection 
services, session activation, and data 
transport. APPN enables APPC sessions 
to traverse multiple APPN nodes. The 
routing capability of APPN allows two 
nodes with no direct point-to-point 
connection to establish a session 
without going through a host." 

APPN is based on low-entry net¬ 
working (LEN). LEN, as it is currently 
available, refers to node type 2.1. ’ 
(NT2.1 was previously called physical 
unit 2.1, or PU2.1.) NTs describe a 
network node’s capabilities in manag¬ 
ing various network resources (ses¬ 
sions, for example). In order to im¬ 
plement peer-to-peer connectivity, 

IBM created NT2.1, which is an eh- ‘ 
hanced version of NT2.0. NT2.1 allows 
two peripheral nodes to establish 
session without going through a host 
and to operate multiple sessions si¬ 
multaneously, It does" not,' howeverf 
offer any routing capability. 

APPN is an NT2.1 enhanced to 
support routing capabilities, the abil¬ 
ity to serve as an iritermediary be^ 
tween two other nodes. NT2.1 nodes 
without routing capabilities ard LEN? 
nodes but not APPN nodes, (Some ^ . 
confusion has surrounded these terms 
since IBM developers?published a >> 
paper in The IEEE Journal on Se~ 
lected Areas in Communications, Vdl. 
SAC-3, No. 3, May 1985, that described 
a system the authors called LEN. The 
LEN described in that paper is really 
the APPN of today. LEN version 1.0, as 
it was released iii June 1986, is essen¬ 
tially the same as NT2.1. 

Because PCs do not support 
NT2,1 at present, they are currently 
excluded from LEN. However, be¬ 
cause PCs are typically connected by 
LANs, which are broadcast media, 
they have perhaps less need for rout¬ 
ing functions or multiple-session abili¬ 
ties. The PC can support any number 
of sessions over the LAN, and the LAN 
delivers messages to any node on the 
LAN without the PC performing any 
routing functions. A minicomputer or 
mainframe, on the other hand, is typi¬ 
cally connected to nonbroadcast 
media such as SDLC links. Herd rout¬ 
ing and multiple-session abilities are 
more essential. * I 

^ —Michael Hurwicz 
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NETBIOS AND APPC 


TABLE 1: APPC Verbs 


APPC VERB 

DESCRIPTION 

BASIC CONVERSATION VERBS 


ALLOCATE 

Allocate a session between tw^o LUs and 
establishes a conversation between tv\^o TPs. 

CONFIRM 

Request confirmation of a transmission. 

CONFIRMED 

Confirm reception and correct processing. 

DEAIXOCATE 

Deallocate a conversation. 

RUSH 

Flush send buffer of the local LU. 

GET_ATTRIBUTES 

Get attributes of a conversation. 

POST_ON_I^CEIPT 

Specify TP routine to execute on 
receipt of transmission. 

prepare_to_receivt: 

Change the conversation state from send 
to receive. 

RECEIVE_AND_WAIT 

Cause LU to wait for information to arrive, 
and deliver it to the TP when it does. 

RECEIVE_IMMEDIATE 

Receive information diat is available 
immediately, but do not wait for 
information to arrive. 

REQUEST_TO_SEND 

Request permission of partner TP to 
enter send state. 

SEND_DATA 

Put information in the send buffer. 

SEND_EW10R 

Inform remote TP of an error. 

TEST 

Test a conversation to see if the local 

LU has received a I^QUEST_TO_SEND. 

TYPE-INDEPENDENT CONVERSATION VERBS 

GET_TYI^E 

Return conversation type (basic or mapped). 

BACKOUT 

Back out of a transaction; return to a 
previously established point of mutual 
consistency (synchronization point). 

SYNCPT 

Establish a new synchronization point. 

WAIT 

CONTROL-OPERATOR VERBS 

Wait for posting to occur. 

INITIALIZE SESSION LIMIT 

Initialize and change the maximum 

CHANGE SESSION LIMIT 

number of sessions which may exist 

RESET SESSION LIMIT 

between two LUs. 


Version 1.1 Extended Edition). Micro¬ 
soft is supporting a NETBIOS interface 
in its OS/2 LAN Manager. 

The two interfaces are somewhat 
similar in terms of the basic functions 
they support. In the APPC, these func¬ 
tions are defined by a set of verbs. 
These APPC verbs, at the heart of the 
APPC application programming inter¬ 
face (API), compare roughly with 
NETBIOS commands (see tables 1 and 
2). However, a direct comparison is 
somewhat deceptive—at first glance, it 
might even appear that NETBIOS is 
superior to APPC, because of its SEND 
BROADCAST, RECEIVE BROADCAST, 
and RECEIVE ANY commands. 

In reality, Ald^C is endowed with a 
rich variety of options, while NETBIOS 
does only what a communications pro¬ 
tocol must do—allow computers to 
transfer packets of information. APPC, 
for example, contains options to re¬ 
cover from errors in applications, con¬ 
firm the receipt of information, and 
provide security; NETBIOS provides 
none of these options. 

Because of their complex nature, 
some APPC implementations use large 
amounts of memor\^ APPC/PC imple¬ 
mentation may need as much as 300KB 
of memory. Compared with these re¬ 
quirements, NETBIOS s memor\' needs 
are modest indeed. A complete imple¬ 
mentation of NETBIOS using IBM’s LAN 
Support Program on the Token-Idng 
requires only 30KB. Of course, a pro¬ 
gram that requires sophisticated com¬ 
munication in a NETBIOS environment 
will have to create its own facilities; an 
APPC environment, in contrast, already 
provides those facilities. 

APPC AND OTHER PROTOCOLS 

Unlike other IBM communication pro¬ 
tocols, AI^PC is designed to allow coop¬ 
erating programs to share both infor¬ 
mation and resources without sacrific¬ 
ing the power and capabilities of any 
machine on the network. With older 
forms of SNA network protocols, PCs 
used some form of terminal emulation, 
in which the PC acts like a terminal for 
a mainframe or minicomputer. This 
approach, however, has limitations. 

First, terminal emulation is inflexi¬ 
ble in accessing information. Standard 
microcomputer-to-mainframe software 
allows the transfer of either an entire 
screen or a complete file. It does not 
allow transfer of specific pieces of in¬ 
formation in a file, although this is 
often exactly what is needed. 

Second, when non-text informa¬ 
tion, such as financial data, is brought 
down to the PC environment, it often is 


not in a form that can be used easily 
by PC programs such as spreadsheets 
or database managers. Third-party soft¬ 
ware or custom-programming are usu- 
alh' required to transform the data into 
a usable format. 

Third, when using terminal emula¬ 
tion software, users must learn how to 
operate the minicomputer or main¬ 
frame, increasing training time and the 
likelihood of errors. Most PC users 
would rather not know that the mini¬ 
computer or mainframe exists—they 
would rather use larger systems in the 
same way they use PCs. 

In tiying to solve these problems, 
developers have been hampered by a 
lack of programmers who can work in 
multiple environments (microcom¬ 
puter, minicomputer, and mainframe) 
and a shortage of widely accepted pro¬ 
tocols for facilitating communication 
among these different environments. 
Instead, they have adapted protocols 
from one environment to work in an¬ 
other. For example, IBM’s Virtual Tele¬ 


communications Access Method (VTAM) 
protocols, which were designed to sup¬ 
port terminal-to-host communications, 
have been pressed into service for PC- 
to-host and LAN-to-host communica¬ 
tions. Limitations in the VTAM protocols 
have, in turn, led to limitations in the 
communications software based on it. 
APPC is intended to provide a basis for 
software to overcome such limitations. 

HOW APPC WORKS 

APPC was designed as an enhancement 
to SNA, IBM’s overall networking plan. 
In SNA terminology, each product (pro¬ 
cessor, workstation, controller) on a 
network is called a node. Contained 
within each node is software that im¬ 
plements a logical unit (LU) and a 
physical unit (PU). An LU is a piece of 
code embodied in the software or 
firmware that enables the node to com¬ 
municate witli other nodes on the net¬ 
work; it also provides the user interface 
to the network. A PU program ser\dces 
the LU, managing certain network re- 
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APPC VERB 

DESCRIPTION 

CONTROL-OPERATOR VERBS (continued) 

PROCESS_SESSION__LIMIT Negotiate a change in the session 

limit with a remote LU. 

ACTIVATE_SESSION 

DEACTIVATE_SESSION 

Activate a session. 

Deactivate a session. 

DEFINE_LOCAL__LU 

Define the name for the local LU, and 
initialize or change parameters that 
control the operation of tlie local LU. 

DEFINE_REMOTE_LU 

Change parameters that control the 
operation of the local LU in conjunction 
with a remote LU. 

DEFINE_MODE 

Change parameters that control the 
operation of the local LU in conjunction 
with a group of sessions to the specified 
remote LU (the session group is • 
identified by a mode name). 

DEFINE_TP 

Initialize or change the parameters that 
control the operation of the local LU in 
conjunction with a transaction program. 

DISPLAY_LOCAL_LU 

Return current values of parameters that 
control the operation of the local LU. 

DISPLAY_REMOTE_LU 

Return current values of parameters that 
control the operation of the local LU in 
conjunction with a remote LU. 

DISPLAY_MODE 

Return current values of parameters that 
control the operation of the local LU in 
conjunction with a group of sessions. 

DISPLAY_TP 

Return current values of parameters that 
control the operation of the local LU in 
conjunction witli a transaction program. 

DELETE 

Delete parameter values established by 
the DEFINE verbs. 


Conversation verbs are used to send data between transaction programs (TPs); 
control verbs change parameters related to the session or logical unit (LU). Appli¬ 
cations typically used mapped conversation verbs, which use the same name as 
the basic verbs, but have “MC_” prepended to them. 


sources and functions, such as estab¬ 
lishing sessions. For example, a PU 
type, also called a node type (NT), de¬ 
termines whether the node can support 
multiple sessions or perform interme¬ 
diate routing functions. 

APPC is a particular type of LU 
known as LU6.2. It allows any applica¬ 
tion program on a network to perform 
a unit of work, or transaction, in coop¬ 
eration with one or more otlier appli¬ 
cation programs on the network. Every 
participating program is called a trans¬ 
action program (TP). An application 
TP is written by end users or software 
developers for end users. A service TP 
offers a service to an application TP. 

TPs communicate indirectly 
through their respective LUs (see figure 
1). The connection between the two 
LUs is called a session, tlie actual ex¬ 
change of information between the two 
TPs is called a conversation. Only one 
conversation can use a session at a 
time, but any number of conversations 
can take turns using the same session; 


when this happens, the conversations 
are said to time slice the session. 

To initiate APPC, transaction pro¬ 
grams issue verbs accompanied by 
proper parameters (see table 1 for a 
listing of the verbs). The APPC software 
then executes the verbs, providing the 
desired services to programs. 

The APPC verbs are divided into 
subsets according to their functions. 
Each subset must be implemented in 
its entirety, or not at all. This offers 
some flexibility to implementors, while 
greatly reducing the number of differ¬ 
ent versions of APPC. The APPC verbs 
are referred to collectively as the pro¬ 
tocol boundary. The LU executes the 
verbs in order, as they are issued. 

Figure 2 shows the format box for 
tlie CONFIRM verb, which asks for con¬ 
firmation that a remote program has 
received and successfully processed a 
previous transmission. When issuing 
CONFIRM, die only parameter the pro¬ 
gram must provide is die resource that 
identifies the conversation. 



SQL Compatible Query System adaptable to any 
operating environment. 

CQL Query System. A subset of the Structured 
English Query Language (SEQUEL, or SQL) 
developed by IBM. Linked files, stored views, 
and nested queries result in a complete query 
capability. File system interaction isolated in an 
interface module. Extensive documentation 
guides user development of interfaces to other 
record oriented file handlers. 

Portable Application Support System 

Portable Windowing System. Hardware 
independent windowing system with borders, 
attributes, horizontal and vertical scrolling. 
User can construct interface file for any 
hardware. Interfaces provided for PC/XT/AT 
(screen memory interface and BIOS only 
interface), MS-DOS generic (using ANSI.SYS), 
Xenix (both with and without using the curses 
interface), and C-library (no attributes). 

Screen I/O. Report, and Form Generation 
Systems. Field level interface between 
application programs, the Query System, and 
the file system. Complete input/output 
formatting and control, automatic scrolling on 
screens and automatic pagination on forms, 
process intervention points. Seven field types: 
8-bit unsigned binary, 16 bit signed binary. 16" 
bit unsigned binary, 32 bit signed binary, 
monetary (based on 32 bit binary), string, and 
date. 

Including Source Code 

$395.00 

File System interfaces include 
C-tree and BTRIEVE. 

HARDWARE AND FILE SYSTEM 
INDEPENDENT 

Machine 

Independent 

Software 

1415N0RTHGATE SO. #21B 
RESTON, VA 22090 

VISA/Master Charge accepted 

(703) 435-0413 


*C-tree is a trademark of FairCom 

IBM. SEQUEL, PC. XT. AT are trademarks of IBM Corp. 
MS-DOS and Xenix are trademarks of Microsoft Corp. 

CQL and the CQL Logo are trademarks of Kurtzberg Computer 
Systems. 
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NETBIOS AND APPC 


TABLE 2: NETBIOS Commands 


COMMAND 

DESCRIPTION 

RESET 

Set available sessions and commands 
to default values. 

STATUS 

ADD NAME 

Get status of LAN adapter card. 

Register a NETBIOS name at the 
local station. 

ADD GROUP NAME 

Register a NETBIOS group name at the 
local station. 

DELETE NAME 

Deregister a NETBIOS name at the 
local station. 

CALL 

Attempt to open a session with a remote 
NETBIOS node; like APPC AITOCATE. • 

LISTEN 

Make the local node available to 
accept a CALL. 

HANG UP 

Close a session with a remote node; 
like APPC DEALLOCATE. 

SEND 

Send data over session; like AldC 
SEND_DATA. 

CHAIN SEND 

Send multiple buffers of data; like 

APPC SEND_DATA. 

I^CEIYE 

Receive data from a specific session; 
like AI^PC I^CEIVE AND WAIT and 
RECEIVE_IMMEDIATE. 

RECEIVE ANY 

Receive data from anyone with whom 
you have a session. 

SESSION STATUS 

Obtain status of NETBIOS session, 
information such as receive, listen, 
and call commands outstanding, and 

whether the session is established 
or pending, is completed or aborted. 

SEND DATAGI^ 

SEND BROADCAST DATAGI^ 

Send one packet without creating session. 
Send datagram to all listening nodes. 

RECEIVT DATAGRAM 

Receive one datagram; like APPC 

RECEI\T: and wait and 
RECEIVE_IMMED1ATE. 

I^CEIVE BROADCAST DATAGRAM 

Receive a broadcast datagram from 
another node. 


NETBIOS supports three basic communication methods: sessions, datagrams, and 
broadcast datagrams. Sessions require setup with the LISTEN and CALL commands, 
and provide point-to-point acknowledged data transfer. Datagrams do not require 
setup; they send unacknowledged messages. Broadcast datagrams send a message 
to all listening nodes. NETBIOS itself uses this feature to guarantee unique names. 


Verbs are either control vet^bs, 
which manipulate some aspect of the 
LU environment, or conversation verbs, 
which are used to communicate be¬ 
tween nodes. The conversation verbs 
are either basic, for use by service TPs, 
or mapped, for use by application TPs. 
Although the two kinds of conversation 
verbs perform essentially the same 
tasks, the basic conversation verbs sup¬ 
port more parameters and options than 
the mapped conversation verbs do, 
and, therefore, are more flexible, more 
powerful, and more difficult to use. 

For each verb, the architecture 
defines both the syntax (how the verb 
is used) and the semantics (what it 
means). For example, ALLOCATE 
means, “I want to start a conversation 
with you.” SEND_DATA means, “I 


want to send these data to you.” 
DEALLOCATE means, “I want to end 
this conversation with you.” 

Each verb does not necessarily 
cause a transmission. Control verbs 
never cause a flow between the pro¬ 
grams. Even with conversation verbs, 
the LU can delay or omit transmission. 
It might delay transmission to econo¬ 
mize the communications bandwidth 
by combining several transmissions, 
sending, for example, an allocation re¬ 
quest, the data, and a deallocation re¬ 
quest all together in one line flow. It 
omits transmission when the conversa¬ 
tion verb executes in local mode. For 
example, suppose program X sends a 
deallocation request (asking permission 
to “hang up”), which program Y con¬ 
firms (answering “all right”). When the 


conversation has completed, program Y 
can issue a local DEALLOCATE to dis¬ 
card the control information for the 
conversation; because the verb is used 
locally, nothing goes out over the line. 

Figure 3 shows a simple AJ^PC 
conversation, initiated by TP A. (To 
compare it with a typical NETBIOS 
conversation, see figure 4.) In the APPC 
conversation, TP A issues an ALLOCATE, 
a SEND_DATA, and a DEAU.OCATE. 
When the transmission reaches the LU 
at the remote node, the LU starts up TP 
(if it is not already running) and TP 
B issues a flECEIVE_AND_WAIT verb. 
(Some implementations, like the one in 
figure 3, use \nno I^CEI\^_AND_WAIT 
verbs.) TP B then confirms it has re¬ 
ceived the data and the deallocation 
request. The LU that is at TP As node 
returns an OK return code to TP As 
DEALLOCATE and ends the conversa¬ 
tion. Afterward, TP B issues a local 
DEALLOCATE and discards its control 
information for the conversation. 

A NETBIOS conversation, shown in 
figure 4, follows the same general 
course as the APPC conversation, with 
some important differences. First, pro¬ 
gram B must already have issued the 
NETBIOS LISTEN command and be 
waiting for a CALL. This is in contrast 
to AI^PC, where the transaction pro¬ 
gram will be started if not already run¬ 
ning. Second, the CALL and SEND com¬ 
mands are always separately acknowl¬ 
edged. APPC has more flexibiliw about 
when data and acknowledgements are 
sent, allowing data from multiple verbs 
to be transmitted in one operation. It is 
possible, however, for an AI^PC TP to 
ensure that messages are sent immedi¬ 
ately by using the FLUSH verb. 

Although NETBIOS can be defined 
rather clearly by a simple list of the 
commands it provides, AI^PC is a much 
more complex product. Each verb has 
a myriad of choices, not all of which 
are available in eveiy implementation 
of Aide. In addition, the association of 
APPC with SNA means that APPC pro¬ 
grammers should be familiar with 
IBM's communication architecture. 

TOWERS OF OPTIONS 

AI^PC verbs are divided into several dif¬ 
ferent function sets; two are base and 
the rest are optional. One btise set 
contains basic conversation verbs, and 
the other, mapped conversation verbs. 
All complete implementations of APPC 
support the base set containing the 
basic conversation verbs. Any APPC 
implementation offering an open API 
(allowing user-written programs) must 
support both base function sets. Imple- 
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mentations lacking a programming in¬ 
terface for Al^PC can offer just the basic 
conversation verbs. 

The optional function sets, as their 
name implies, can be included or omit¬ 
ted in any given implementation. How¬ 
ever, each optional set must be treated 
as a whole—if one verb in the set is 
offered, they must all be offered. The 
optional function sets are typically de¬ 
picted as towers built on the base func¬ 
tion sets (see figure 5). 

AJ^PC offers five types of optional 
function sets. The first set contains a 
mapping function that allows TPs to 
designate transformations,, or maps, to 
be performed on data at sending and 
receiving nodes; a map might, for ex¬ 
ample, transform the data received in a 
data stream into a binar\^ format com¬ 
patible with the receiving machine. The 
user defines the record format and 
transformation to be performed. 

The second option is the symc 
point function set, which allows pro¬ 
grams to establish mutually agreed- 
upon synchronization points in their 
processing. These are points at which 
all programs and data are verified as 
consistent. Cooperating programs can 
return to a sync point in case one pro¬ 
gram has an error. By returning to a 
sync point and starting over, the pro¬ 
grams can continue processing success¬ 
fully despite the error. 

The third option allows an applica¬ 
tion TP to define and supply program- 
initialization parameters (PIPs) with an 
allocation request to another TP. This 
information is meaningful only to the 
application TPs. The fourth option type 
offers several security-option sets, in¬ 
cluding user IDs and passwords, and 
the last, a number of option sets to 
improve performance. 

SNA LAYERS 

Figure 6 shows how the SNA layers are 
organized and where the AJ^PC fits in. 
The layers of the Open Systems Inter¬ 
connection (OSI) proposed by the In¬ 
ternational Organization for Standardi¬ 
zation (ISO) are included for compari¬ 
son. Both architectures have seven lay¬ 
ers that are roughly equivalent, APPC 
defines the SNA layers between the 
path control and end-user layers; these 
include the Network Addressable Unit 
(NAU) services, data-flow control, and 
transmission control. 

A more practical division of the 
AI^PC universe would be according to 
where the particular program or archi¬ 
tecture resides: above the SNA layers; 
in the end-user layer; in the layers de¬ 
fined by APPC; in the path-control 



In APPC, each TP communicates indirectly, by means of its LU. The LU is the 
code that embodies the APPC architecture, the session is the communications 
connection, and the conversation is the actual communication. 


FIGURE 2: Format Box for Typical APPC Verb 


MC_CONFIRM 

SUPPLIED PAILAMETERS 

RESOURCE (VARIABLE) 


RETURNED PARAMETERS 

RETURN-CODE (VARIABLE) 

REQUEST_TO_SEND_RECEIVED(VARIAl^LE) 




The APPC CONFIRM verb is used to request confirmation that a remote program 
has received and successfully processed a previous transmission. The verb’s format 
box shows the supplied and returned parameters. The RESOURCE is a variable 
that identifies the particular conversation. The RETURN_CODE is OK if the re¬ 
mote program replies with a CONFIRMED verb. Other return codes indicate vari¬ 
ous failures. REQUEST_TO_SEND_RECEIVED is either YES or NO: YES if a 
REQUEST_TO_SEND has been received from the remote program, NO if a 
REQUEST_TO_SEND has not been received from the remote program. 


layer; or below the path-control layer 
(in the data-link or physical layers). 

The TPs above the end-user layer 
are not defined by SNA. These are the 
application TPs written by end users or 
software developers. Although they are 
outside SNA, they still use SNA services. 
The service TPs are defined by SNA 
and reside at the end-user layer. The 
application TPs can issue APPC verbs or 
use commands provided by the service 
TPs. For example, IBM’s Document In¬ 


terchange Architecture (DIA) is a ser¬ 
vice TP that allows application TPs to 
transfer documents from one node to 
another. The DIA service TP issues the 
APPC verbs, and the application TPs 
issue the DIA commands (see figure 7). 

The lower limit of the APPC speci¬ 
fication is the point where APPC passes 
a basic-information unit (BIU) to the 
path-control layer. The path-control 
layer and the layers below (the data- 
link and physical layers) are not part of 
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FIGURE 3: APPC Conversation 




LOGICAL UNITLOGICAL UNITS 


(TIM RUNNING] 

• 


• 

ALLOCATE 


TPN(“5”) 


SYNC-LEVEL (CONFIRM) 


SEND_DATA 


DEALLOCATE 


TYPE (SYNC-LEVEL) - 

-^ ISTARTTPB] 


RECEIVE_AND_WAIT 


[RECEIVES DATA AND 


DATA_COMPLETE 


INDICATION] 


RECEIVE_AND_WAIT 


[RECEIVES 


CONFIRM-DEALLOCATE] 

[RETURN CODE = OK] ^ - 

- CONFIRMED 

[END OF CONVERSATION] 

DEALLOCATE 


TYPE (LOCAL) 


[END OF CONVERSATION] 


The APPC conversation is initiated by TP A, which issues an ALLOCATE, 
SEND_DATA, and a DEALLOCATE. When the transmission reaches the LU at the 
remote node, the LU starts up TP B, which issues a RECErVE_AND_WAIT verb 
and confirms receipt. LU A issues a confirmation and ends the conversation. 


nGURE4: NETBIOS Conversation 


SYSTEM A 


SYSTEM B 


CALL “5” 


[LOCAL-SESSION = X] 

SEND A 

[OK] 

HANGUPA 
[OK] 


< 


CALL 


ACK 


DATA 


ACK 




LISTEN “A” 

[LOCAL_SESSION = V] 

RECEIVE Y 
[DATA RECEIVED] 

[SESSION CLOSED] 


the LU. Because the APPC architecture 
does not specify how the BlUs must be 
passed from one node to another, 

APPC is compatible with whatever pro¬ 
tocol is being used. 

Sometimes, however, an APPC 
implementation must provide function¬ 
ality below the specified lower limit in 
order to interface with a given piece of 
hardware. In particular, some APPC 
implementations must provide path- 
control functions. The IBM LAN Sup¬ 
port Program, for example, which sup¬ 
plies the highest-level interface to 
IBM’s LAN adapter cards (Token-Ring 
Network and PC Network), has a data- 
link control (DLC) interface. The same 
is true of synchronous data-link control 
(SDLC) adapter cards, which frequently 
are used for microcomputer-to-main- 
frame links. Because these interfaces 
do not provide a path-control layer in¬ 
terface, APPC/PC, which is designed to 
run on both SDLC and LAN hardware, 
must provide path-control functions to 
bridge the gap between what the APPC 
architecture defines and what the 
adapter cards provide. 

The data-link and physical layers 
are typically embodied in hardware, 
usually an adapter card. The software 
to handle the adapter also resides in 
the data-link layer. For example, when 
originally released, IBM’s Token-Ring 
Network adapter came witli an adapter- 
handler program called TOKREUI.COM 
(for Token-Ring Extended User Inter¬ 
face), which had an IEEE 802.2 stan¬ 
dard interface—a DLC interface. In 
April 1987, IBM chose to replace 
TOKREUI.COM with the LAN Support 
Program, which also works on the IBM 
PC Network adapters, thus extending 
APPC/PC support to the PC Network. 

The 802.2 standard interface de¬ 
fines both a logical-link control (LLC) 
and a medium-access control (MAC) 
sublayer. The LLC interface offers two 
kinds of service: connectionless (type 
1) and connection-oriented (q^e 2). 
The connectionless service handles 
each message unit independently of 
any others and does not number units 
as they are transmitted. The connec¬ 
tion-oriented service numbers the 
units, which helps ensure that message 
units arrive in order, and that none is 
missing or duplicated. APPC/PC uses 
the connection-oriented, type 2, service. 


A NETBIOS session is initiated by CALL and LISTEN. The caller must specify a 
CALLNAME when issuing the CALL. The receiver specifies a CALLNAME when is¬ 
suing the LISTEN or opts to listen for any call that arrives. All SENDs in a session 
are acknowledged end-to-end and a status is returned to the sender. 


A MAJOR DIFFERENCE 

Figure 6 points out an important differ¬ 
ence between APPC and NETBIOS for 
vendors trying to attain compatibility 
with these standards. APPC is much 
more completely defined than NET- 
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PG-1281 virtually redefines “high performance”. 
With this new Matrox color display processor 
at the heart of an IBM PC AT, 386 PC, or com¬ 
patible, a true professional workstation is born. 
Enhanced by four custom gate arrays, the 
PC-1281 is the fastest TMS34010-based 
board in the world today... and you have all the 
power of high-priced workstations at a fraction 
of the price! 


■ 1280 X 1024 resolution ■ Full 64-bit band¬ 
width ■ 65,000 vectors/second ■ 100 million 
bits/second BITBLT ■ Up to 1.5Mb on-board 
RAM ■ Downloadable user code for easy appli¬ 
cation development ■ Optimized drivers for 
major CAD packages ■ Compatibility with all 
current graphics standards: Windows, X Windows, 
GCA, VDI, PCA, and more... ■ Optional high¬ 
speed 3D coprocessor and EGA/VGA add-on 
modules. 

If you need the best graphics performance 
available today, you need the PG-1281. 

For more details call us - fast! 



In Canada, call (514) 685-2630. IBM and IBM AT are registered trademarks of International Business Machines Corporation. 

Windows is a trademark of Microsoft Corporation. 12B1- PCT 
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NETBIOS AND APPC 


nGURE 5 J APPC Optional Function Sets 


MAPPING 

SYNC 

PORT 

SECURITY 

PERFORMANCE 

PROGRAM 

INITIALIZATION 

PARAMETERS 

(PIP) 








BASIC CONVERSATIONS 


MAPPED CON\'ERSATIONS 




OPTIONAL 

FUNCTION 

SETS 


I BASE 
> FUNCTION 
J SETS 


APPC’s optional function sets are depicted as towers built on the base function sets. Tliey include options to map formats, es¬ 
tablish synchronization points, define program-initialization parameters (PIPs), provide security, and enhance performance. 


BIOS—in essence, NETBIOS is merely 
a programming interface. 

Conceptually, NETBIOS occupies 
only the very top of the OSI session 
layer (layer 5). To build a complete 
communications system, the developer 
must go outside the NETBIOS defini¬ 
tion. This is not important for applica¬ 
tions, which use only the NETBIOS 
command interface—the ver)^ “top” of 
a NETBIOS implementation. However, 
the lack of definitions for lower layers 
makes it difficult to create a NETBIOS 
implementation that will interoperate 
with another vendor’s NETBIOS, be¬ 
cause interoperation requires compati¬ 
bility at lower layers, too. 

For example, in order to create a 
NETBIOS implementation that can talk 
to stations on IBM’s Token-Idng Net¬ 
work running IBM’s NETBIOS, a devel¬ 
oper must emulate or duplicate not 
only the NETBIOS interface, Token-Ring 
hardware, and IEEE 802.2 interface (all 
of which are standardized), but also 
protocols contained in IBM’s Token- 
Ring NETBIOS that have never been 
published, are not well known, and 
could be changed at any time. Such 
reverse engineering is risk}\ 

APPC, on the other hand, is de¬ 
fined from OSI layers 4 through 6 (or 
their SNA equivalents). In addition, lay¬ 
ers that are not defined by APPC can 
be taken safely from well-kiTown SNA 
definitions. For example, to connect to 
an IBM host running APPC, a developer 
can emulate SDLC at the data-link layer, 
the SNA path-control layer above that, 
and then use Ald^C up to level 6. This 
constitutes a complete communication 
system, consisting of well-known proto¬ 
cols that are unlikely to change in the 
foreseeable future. 


IBM^S APPC/PC IMPLEMENTATION 

In AI^PC/PC, certain APPC functions are 
left to each particular installation or 
product to formalize. This so-called 
“application subsystem” software is not 
provided by IBM, and thus termed 
“user-provided” although, of course, it 
takes a programmer to produce it. 
These functions include answering in¬ 
coming ALLOCATE requests and either 
rejecting them or transmitting them to 
the appropriate TP. The subsystem also 
defines characteristics of the PU and 
LU, activates hardware adapters, han¬ 
dles logged error messages, provides 
LU-to-LU passwords if required, and 
loads or cancels TPs when necessary. 
The programmer also can provide any 
other services that are desired in the 
application subsystem. 

The interface between the applica¬ 
tion subsystem and APPC/PC consists of 
a verb interface and a set of exit rou¬ 
tines. The application subsystem must 
respond to certain APPC/PC verbs by 
establishing the PU and LU, defining 
partner LUs, session limits, and other 
parameters. The exit routines manage 
incoming ALLOCATE requests, log er¬ 
rors, and provide passwords. 

APPC/PC is a terminate-and-stay 
resident (TSR) program that is loaded 
by typing APPC at the DOS prompt. 
First, the 802.2 interface must be 
loaded; then the APPC/PC; next, the 
application subsystem; and, finally, any 
TPs that are to be active immediately. 
APPC/PC also can be unloaded using 
the APPCUNLD program supplied on 
the APPC/PC diskette. 

When programming in assembly 
language, the developer can invoke 
AI^PC/PC verbs tlirough DOS interrupt 
68H. DS:DX points to the APPC/PC con¬ 


trol block; the contents of this control 
block var\' depending on the request 
type. Register AH contains the number 
of the APPC/PC request. 

APPC/PC’s memon^ requirements 
were presented in an IBM technical 
seminar as 158KB for the base code; 

4.5 or 5.5KB for each additional LU; 
and 2.5K13 for each additional concur¬ 
rent conversation or session. However, 
APPC/PC has been known to require 
214KB (not including DOS) for low- 
level communications protocols (such 
as the IBM LAN Support Program), the 
application-subsystem code, and any 
transaction programs. The IBM LAN 
Support Program, which can provide 
the 802.2 interface on the Token-Idng 
Network, requires about 8KB. With 
DOS and other necessar>^ code, 300KB 
would not seem an unreasonable esti¬ 
mate, even if the application subsystem 
and the TPs are excluded. 

NON-IBM IMPLEMENTATIONS 

Al^PC is not limited to Token-Ring, 

SDLC, or 802.2 protocols. Because pro¬ 
tocols below the path-control layer do 
not affect APPC compatibility, vendors 
with other successful protocols have 
continued to use them, if possible, 
when implementing AI^PC. DEC offers a 
DECnet/SNA Gateway that supports an 
APPC/LU6.2 programming interface, ter¬ 
minal connectivity, and various kinds of 
information transfer, including docu¬ 
ment exchange between DISOSS and 
the DEC office automation environ¬ 
ment. To the VAX, the DECnet/SNA 
Gateway looks like an Ethernet connec¬ 
tion. Only the link between the gate¬ 
way and the IBM system is based on 
SDLC. The gateway translates between 
Ethernet and SDLC protocols. 
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DELIVERS THESE ESSENTIAL EEATURES 
DOES YOUR DBMS? 


MDBS III is more powerful than 
most mainframe data base management 
systems. . . and less expensive. MDBS III 
was designed for serious application 
developers like you. Like the developers 
of Solomon III, the “Number One” 
accounting system. And all the others 
who demand these essential features 
MDBS III provides: 

DATA STRUCTURING-So flexible it 
captures any data relationship you can 
imagine. So comprehensive you’ll design 
complex data bases faster than ever. 

TRUE MULTI-USER-Few DBMSs give 
you as many facilities to guard against 
haphazard concurrent data modification 
as MDBS III does, down to the locking 
of individual data records. 

PERFORMANCE-MDBS III gives you 
fast data modification and retrieval plus 
extensive performance tuning facilities. 

DATA INTEGRITY-MDBS III pro 
vides airtight integrity assurances. . . from 
range checking to transaction-logging to 
enforcement of data relationships .. all 
automatically. 
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PHYSICAL DATA PROTECTION- 

You get automatic recovery from media 
as well as from physical data destruction. 

DATA SECURITY-Protect your data 
using passwords, encryption, and read/ 
write access down to the field level. 

PORTABILITY-MDBS III runs on a 
range of mini and micro computers 
including LANs, and supports a variety 
of host language interfaces. 

SUPPORT— mdbs is there when you 
need us, with in-depth seminars, tele 
phone support, individual consulting 
and contract programming to help you 
develop and install your applications. 

Call us today at 1-800-344-5832 for more 
information; in Canada or Indiana, dial 
317-463-2581. Or write mdbs, P.O. Box 248, 
Lafayette, IN 47902. TELEX 209147 
ISE UR. 



nGUIlE6: SNA and OSI Layers 



SNA FUNCTIONS 

SNA 

OSI 


END-USER PROGRAMS 

END-USER 

APPLICATION 

APPC 

PRESENTATION SERVICES; 

FORMAT DATA FOR 

SPECIFIC APPLICATIONS 

OR TERMINALS; SESSION 

SERVICES: MANAGE NETWORK 

NAU SERVICES 

PRESENTATION 

MAINTAIN SEND-RECEIVE 

MODES HIGH-LEVEL 

ERROR CORRECTION 

DATA FLOW CONTROL 

SESSION 


SESSION-LEVEL 

PACING ENCRYPTION 

AND DECRYPTION 




TRANSMISSION CONTROL 

TRANSPORT 


ROUTING 

SEGMENTING DATA UNITS 

VIRTUAL ROUTE PACING 



PATH NETWORK 
CONTROL 

PATH CONTROL 

NETWORK 

LINK-LEVEL ADDRESSING 
SEQUENCING 

ERROR CONTROL 

DATA LINK 

DATA LINK 


PHV'SICAL PROPERTIES OF 

SIGNAL PIN ASSIGNMENTS 

ON CONNECTORS 

PFH'SICAL 

PHYSICAL 


IBM’s Systems Network Architecture (SNA) and the Open Systems Interconnect (OSI) model have seven, roughly equivalent 
layers. APPC, defines the Network Addressable Unit (NAU) services, data-flow control, and transmission control. 


Vendors implementing a similar 
strategy^ include Data General in its 
Document Exchange Architecture 
(DXA), Unisys in its OFISbridge and 
Distributed Systems Semces (DSS), 
Hewlett-Packard in its Office Connect 
to DISOSS, and Wang in its DISOSS 
Gateway. Although these products differ 
in detail, they are alike in that they 
minimize the use of SDLC protocols, 
using them only in the link from the 
gateway to the IBM system. 

When connecting an IBM system 
to a non-IBM system using APPC, the 
link between the gateway and the IBM 
system must be compatible starting at 
the physical layer and continuing on 
through the NAU services layer. With¬ 
out compatible physical and data links, 
it is not possible even to transfer bits 
from one machine to another. If the 
IBM system supports only Token-Ring 
and SDLC connections at the DLC layer, 
the gateway-to-IBM link must use one 
of them. The fact that both systems are 
using APPC implies compatibility 
through the NAU services lav^er. 


However, once that link has been 
made, non-IBM vendors can continue 
to use their preferred protocols within 
their own networks. In addition to 
minimizing changes in the existing net¬ 
work, this approach isolates APPC as 
much as possible. Therefore, problems 
with the APPC link are less likely to af¬ 
fect the existing network. 

In the microcomputer arena, LAN 
operating system vendors are likely to 
take the lead in implementing APPC. 
Vendors who have already announced 
support include Novell, Banyan, and 
3Com. These vendors are almost cer¬ 
tain to implement APPC in gateways, 
just as mainframe and minicomputer 
vendors have already done. 

In a parallel experience from the 
recent past, most vendors put the 
NETBIOS protocols on top of whatever 
lower-level LAN protocols they favored. 
IBM first implemented NETBIOS on die 
PC Network adapter. Banyan, 3Com, 
and Novell emulated the NETBIOS in¬ 
terface, but not the PC Network adapter 
protocols, which, in fact, are proprie- 


tarv' and have never been published. 
Later, when IBM implemented 
NETBIOS for the Token-Ring Network 
adapter, IBM also abandoned the PC 
Network adapter protocols, creating a 
new implementation of NETBIOS for 
the Token-Ring Network. 

PROSAND CONS 

APPC is IBM’s central protocol for use 
in program-to-program communications 
among dissimilar systems. Any intelli¬ 
gent machine capable of communica¬ 
tion is a candidate for APPC. IBM has, 
in fact, implemented APPC on micro¬ 
computers, minicomputers, mainframes, 
image terminals, and printers. In addi¬ 
tion, LAN vendors have pledged APPC 
support for non-IBM microcomputer 
LAN environments. 

This could prov^e particularly im¬ 
portant when implementing gateways 
to minicomputers and mainframes. 
Application programmers should wel¬ 
come using the same high-level com¬ 
munication protocols on both sides of 
the gateway, rather than having to 
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Smile if you’re using 
the ‘industry-standard’ 

database. 

The industry-standard was a great place to 
start, but it’s kind of a sheep in wolfs clothing 
when it comes to serious business 
applications. 

But Clipper, the leading-edge database 
system, is a tiger. 

With Clipper, your present database 
applications run up to ten times faster 
because Clipper supports your existing 
dBASE programs, files and indexes. 

And Clipper makes database networking 
a breeze, allowing multiple users to view, ed 
and add records in a shared file. 

Then once you’ve solved your current 
problems, you can use Clipper’s extended 
power to deal with your future needs. 

Because Clipper is an extended database 
compiler/language that treats dBASE as a 
subset and removes the limits you’re 
working with now. 

Clipper includes dBASE-like commands 
for quick menus, fast screens and extended 
functions that make it easy to create user- 
friendly applications that don’t look or act 
like dBASE. It handles arrays, more fields and 
memory variables and includes scores of 
enhancements that get you through your 
applications backlog sooner. And if there’s 
something we’ve overlooked, you can create 
your own functions written in Clipper or add 
them in C and assembler. 

Then once your programs are compiled. 


© Nantucket Corporation, 1987. Clipper is a trademark of Nantucket Corporation; dBASE isn’t. 

Nantucket Corporation, 12555 W. Jefferson Blvd., Los Angeles, CA 90066. IN EUROPE: Nantucket Corporation (Europe), 2 Biuecoats Avenue,Fore Street, Hertford, Herts SG 14 PB, telephone 0992 554621. 

Clipper" is aU business. ■ Nantucket, 
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you can distribute as many copies as you like 
with full source code security and no LAN 
packs, no royalties, no licensing fees. 

To get Clipper working for you, call (213) 
390-7923 today. 

We’re not pulling the wool over your eyes. 






Read what they’re saying about this 
popular program for prototyping and 
demo-making; 


“A winner right out of the start¬ 
ing gate. After you use DEMO 
once, you’ll wonder how you got 
along without it.” 

—PC Magazine 


“Everybody who writes soft¬ 
ware, either commercially or for 
in-house applications, should 
immediately order a copy. Period. 
No exceptions.” 

—Soft-letter 


Product of the Month 

—PC Tech Journal 

Thousands of developers and most 
of the largest and best known software 
companies are using this program. 

You can, too. Act now! 



The perfect companion to the Demo 
Program. The Tutorial helps you learn 
the ins and outs of its basic and ad¬ 
vanced features. Complete with a 96 
page manual containing step-by-step 



Use 800-number for orders only. 

Questions, special shipping, etc., call 617-332-2240. 
No Purchase Orders. Massachusetts residents add 5% 
sales tax. Outside of the U.S.A.. add $15.00. 

Requires 256K IBM PC/Compatible, DOS 2.0 or later. 
Supports Monochrome, Color Graphics, and EGA 
Adapters (text mode only). The Tutorial requires the 



SOFTWARE 
GARDEN, INC. 


Dept. T-3 

P.O. Box 373, Newton Highlands. MA 02161 
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NETBIOS AND APPC 



IBM’s Document Interchange Architecture (DIA) is a service TP that allows appli¬ 
cation TPs to transfer documents from one node to another. The DIA service TP 
issues the APPC verbs, and the application TPs issue the DIA commands. 


write, for example, a NETBIOS applica¬ 
tion for the PC LAN and a VTAM appli¬ 
cation for the mainframe. With APPC, 
programmers will not even need to 
know what kinds of computers are in¬ 
volved when designing their programs 
to interact with other programs. 

IBM’s SAA should make it easier 
for programs running on different 
t)pes of machines to cooperate, just as 
two individuals or countries find it eas¬ 
ier to work together if they share a 
common language. Furthermore, the 
availability of a “common language” 
should make it easier for programmers 
to work in multiple dissimilar environ¬ 
ments at the same time. 

As the centerpiece of SAA’s Com¬ 
mon Communications Support, AI^PC 
will be an important standard for de¬ 
velopers and users attempting to inte¬ 
grate dissimilar systems. Using the 
AI^PC interface as a communications 
gateway, vendors also will be able to 
tap into SAA environments. 

To date, however, SAA is not in 
use and APPC’s implementation on the 
PC is, quite frankly, a memoiy hog and 
has few practical applications. In addi¬ 
tion, IBM’s PC implementation is a bit 
of a memor\^ hog. In fact, programmers 
may find that AI^PC/PC and its associ¬ 


ated software take up so much memon^ 
that too little memon^ remains within 
the 640KB universe for their applica¬ 
tions. Therefore, programmers may 
choose to wait for the appearance of 
OS/2 before they begin writing serious 
APPC applications on the PC. 

AI^PC provides a basis for develop¬ 
ers to address the limitations in the 
current crop of microcomputer-to- 
mainframe and microcomputer-to- 
minicompLiter communications pro¬ 
grams. The next logical step is for pro¬ 
grammers to write the applications that 
will give users transparent information 
transfer and resource sharing across all 
systems. 

NETBIOS, on the other hand, is a 
well-established standard in the PC 
world and is, tlierefore, widely sup¬ 
ported. It provides basic transportation 
for packets of data and requires only a 
small amount of memor\’. For applica¬ 
tions that remain within the PC LAN 
environment, programmers may be 
well advised to use the NETBIOS inter¬ 
face, at least for now. 


Michael Hiirwicz is a freelance writer and 
consultant based in Nashville. He is the au¬ 
thor of Inside APPC, published by Architec¬ 
ture Technology^ Minneapolis, Minnesota. 
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It may not be a VAK-killer, but IBM's9370 
offers clear advantages to the middle layer 
of the corporate computing hierarchy. 

DENNIS LINNELL 


U nlike many IBM products, the 
new 9370 information system 
entered the market with a sliarp 
focus: it is a departmental processor for 
work groups within a large organiza¬ 
tion. It fills the gap betw'een desktop 
PCs and the big 3090 proccvssors in the 
corporate data center. It shares the 
same basic System/370 (S/370) architec- 
ture with the 3090, and its hardware 
facilitates the attachment of PCs using a 
variety of interconnection strategies and 
protocols. The 9370 has the look, feel, 
specifications, and price of a very seri¬ 
ous computing device. 

The obvious attractiveness of these 
features has prompted man\’ large com¬ 
panies to order the 9370. Market re- 
_ search firms forecast that IBM will de¬ 
liver an average of 20,000 systems per 
annum for the next few years, with 
- some large customers installing at least 
300. Given the 3090 as the standard 


centralized mainframe and the PC as 
the standard workstation, the 9370 is 
destined to become the middle layer of 
the corporate computing hierarchy. It 
is simply a matter of time until major 
users begin demanding excellent inte¬ 
gration between the 9370 and the PC. 

Indeed, connectivity is at the fore¬ 
front of the computer market today, 
and the 9370 offers at least ten ways to 
connect to PCs and six ways to connect 
to larger S/370s. New IBM products 
often fail to deliver in this crucial area, 
but because the '9370 implements the 
S/370 architecture, practically all con¬ 
nectivity’ options for S/370 machines 
are instantly available. Many can be 
implemented in a practical and eco¬ 
nomical manner, using standard prod¬ 
uct features. Others are not so good. 

But it is certain that IBM and other 
companies will announce significant 
enhancements in the next few^ vears. 


As part of the usual speculation 
that precedes any important IBM prod¬ 
uct announcement, analysts called the 
9370 a “VAX killer,” a reference to the 
highly successful Digital Equipment 
Corporation (DEC) VAX minicomputer 
line. Although competitive in speed 
and price, the 9370 is not directly com¬ 
parable with the VAX in terms of fea¬ 
tures. The 9370 features list is finely 
tuned to appeal to traditional “true 
blue” IBM customers, but it is doubtful 
that VAX aficionados will get excited. 
Indeed, DEC seems unconcerned. The 
9370 is partially a defensive weapon to 
keep the VAX out of a few large IBM 
accounts, but, more importantly, it pro¬ 
vides a more consistent architecture for 
complex IBM networks. 

The 9370 is not a single computer, 
but a group of four machines based on 
S/370 architecture. All models feature 
modular, rack-mounted components, 
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THE 9370 ATTRACTIGN 


PHOTO 1: IBM9370 Model 20 


[ PHOTO 3; IBM9370 Model 60 



PHOTO 2: IBM9370 Model90 



Photo 1: The Model 20 is the size of a small file cabinet, 
occupying only 7.8 square feet of floor space. It needs no 
special air conditioning and can be plugged into a standard 
wall outlet. The machine’s processor, an IBM 9347 mag¬ 
netic tape unit, and two 368MB disk drives can all be 
mounted in the Model 20’s one-meter rack cabinet. 




Photo 2: The Model 90 processor is the same height as the 
processor used in the Models 40 and 60. Rack space also is 
required for an I/O card unit. Thus, most Model 90 systems 
will be composed of two or more 1.6-meter cabinets. 

Photo 3: The Model 40 and 60 processors are twice the 
height of the Model 20 processor. One processor, an 
824MB disk subsystem, and an IBM 9347 magnetic tape 
unit can be mounted in a single 1.6-meter rack cabinet. 

Photo 4: The processor logic functions of the 9370 Models 
20, 40, and 60 are implemented with processor logic cards 
that use a new generation of IBM bipolar logic chips. These 
chips contain more than 4,000 circuits. 

Photo 5: Tlie 9370 includes dense memory packaging. As 
many as 80 one-megabit dynamic RAMs are packaged on 
each of the system’s 8MB processor storage cards. Each 
memory card measures 9 inches high by 7 inches wide. 


PHOTO 8MB Memory Card 
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ambient air cooling, IBM’s one-million- 
bit memory chip technology, and high- 
density logic circuits. Physically much 
smaller than other S/370s, they can be 
located in normal office space. The 
Model 20 is the size of a small file cab¬ 
inet, needs no special air conditioning, 
and can be plugged into a standard 
wall outlet. Models 40, 60, and 90 offer 
an upgrade path that improves five-fold 
on the performance of the Model 20, 
which cannot be upgraded. Rack¬ 
mounted disk units, tape drives, and 
communications controller boards are 
interchangeable among all models (see 
photos 1, 2, and 3). 

The primary operating system for 
the 9370 is the Virtual Machine/Inte¬ 
grated System (VM/IS). IX/370, an IBM 
adaptation of AT&T’s UNIX, can be exe¬ 
cuted under VM/IS. Vinual Storage Ex¬ 
tended/System Product (VSE/SP) and 
Multiple Virtual Storages (MVS/370) are 
possible alternative operating systems. 
Practically any systems or applications 
software that executes under these op¬ 
erating systems will run on the 9370. 
IBM announced a four-tier software 
pricing scheme, based on the type of 
CPU, to further reduce the cost of ac¬ 
quiring a 9370 system. IBM claims that 
the top-of-the-line Model 90 can sup¬ 
port 70 to 145 concurrent VM users 
running a typical applications develop¬ 
ment or office systems workload, with 
a two-second response time. Models 20 
and 40 can support 15 to 30 users 
under similar conditions. 

IBM has partitioned its S/370 archi- 
teaure into three tiers: 3090, 4381, and 
9370. The most important distinction 
among these tiers are capacity (some¬ 
times expressed in millions of instruc¬ 
tions per second, or MIPS) and total 
system hardware cost: the 3090, at 7 to 
75 MIPS, runs $2 million to $20 mil¬ 
lion; the 4381, at 3 to 10 MIPS, runs 
$500,000 to $2 million; and the 9370, at 
.5 to 3 MIPS, runs $70,000 to $400,000. 

However, because MIPS statistics 
are notoriously unreliable, IBM does 
not publish performance ratings in 
terms of MIPS. The above ratings are 
derived from independent benchmarks, 
which may not represent any particular 
customer’s workload. Specific system 
configurations can be more or less 
expensive. In practice, the initial cost of 
the smallest 9370 system is significantly 
higher than $70,000; this price is for a 
minimum hardware configuration and 
no software. Peripherals, memory, and 
software are expensive. 

The 9370 clearly is not intended 
for a small business or the first-time 
computer user—it is far too expensive. 


TABLE 1: IBM System/Sio Architecture Features 


FEATURE 

9370 

4381 

3090 

S/370 instruction set 




Hardware floating-point arithmetic 


• 


Dynamic address translation 

• 

• 

m 

Extended architecture (XA) 

o 

© 

• 

System/370 channel sub^stem ■ . 


© 


Veaoir&ciUty /' 




Built-in communications adapters 



o 

Multiprocessing 

o 

© 

• 

Sh^edpASE) 

iiiilllil 

ipSfil 


Integrated disk and mpe drives 

• == Fully supported 
© = Supposed, but with limitations 

O = Not supported 


o 



The 9370 has a rich subset of the System/370 architecture, omitting only a few 
features, such as Extended Architecture (XA) and tightly coupled multiprocessing. 


and most S/370 applications software is 
not designed for small businesses. IBM 
offers three other computer lines for 
small business use: System/36, System/ 
38, and Personal System/2. All have 
mutually incompatible instruction sets 
and I/O architectures. The System/38 
compares in capacity and cost to the 
9370, but has a radically different (and 
relatively advanced) architecture. The 
System/36 has a limited architecture 
with lower capacity at a lower cost. It 
is marketed as an entry-level small 
business computer. 

ARCHITECTURE 

Architecture is the key to the technical 
and marketing issues surrounding the 
9370. The S/370 architecture defines 
what the product can and cannot do. 
Once it is understood, some important 
implementation details emerge as 
major issues. IBM implemented a sub¬ 
set of the architecture, and intentionally 
omitted a few well-known features. 

This subset is useful; it clearly reduced 
development time and cost for IBM, 
but will not materially affect the typical 
customer, at least in the short term 
(see table 1). 

S/370 architecture defines the 
boundary between the processor logic 
(both hard-wired and microcoded) and 
the software executed on a machine, 
including the operating system. This 
can be equated to the instruction set of 
the processor plus the interface be¬ 
tween software and all I/O devices at¬ 
tached to the system. Current product 
lines that support the architecture in¬ 
clude the 3090, 4381, and 9370. 

S/370 defines the architecture of 
the following obsolete products: the 
large 3081, 3083, and 3084 systems 


(very similar to 3090); the medium- 
scale 4321, 4331, 4341, and 4361 sys¬ 
tems; the large 3031, 3032, and 3033 
systems (introduced in 1976); and 
S/370 models 115 through 195 (an¬ 
nounced in 1970). The S/370 architec¬ 
ture is upwardly compatible with the 
System/360 architecture. The announce¬ 
ment of System/360 in 1964 was a land¬ 
mark event, which rendered obsolete 
all the computer technology of the 
1950s and early 1960s, and effectively 
shaped the mainframe environment of 
today. Virtually all modern IBM large 
system hardware and operating sys¬ 
tems, including the 9370, trace their 
heritage to this common root. 

The CPU performs all processing 
and control functions of S/370. Most 
modern implementations of the archi¬ 
tecture involve extensive use of 
microcode to perform the relatively 
large instruction repertoire. The CPU 
provides facilities for addressing real 
and virtual storage, moving data be¬ 
tween storage and registers, arithmetic 
and logical processing of data, execut¬ 
ing instructions in a desired sequence, 
and initiating I/O operations. 

The basic word size in S/370 is 32 
bits, but binary arithmetic can be car¬ 
ried out to 64-bit precision, and 
floating-point representations can be up 
to 128 bits long. The system provides 
16 general purpose registers and 4 
floating-point registers. The general 
purpose registers are used primarily 
for binary arithmetic, addressing and 
logical operations. Sixteen control reg¬ 
isters are provided for operating sys¬ 
tem use only (for example, to support 
memory protection). The CPU has an 
interruption handling function that al¬ 
lows it to respond efficiently to asyn- 
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RUN DOS. 

RUN UNIX RUN DOS. 
RUN UNIX RUN DOS. 
RUN DOS MERGE 


Run DOS Merge, Microport's new 286 and 386 application environment that makes 
virtually all the 20,000+ DOS aoplications available under UNIX.® Instantly. For as 
little as $149. So you can compile a UNIX program and run a UNIX utility while editing 
text under DOS. You get the advantage of a double 
standard. Without doubling the price. 

Run run run to your phone for free info and a UNIX 
discount coupon. 

(800) 722-UNIX/(800) 822-UNIX in CA 

UNIX is a registered trademark of AT&T. © 1987 Microport Systems, Inc. 
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is at hand 


HELP/ControP'^ — an on-line help system for the IBM-PC. HELP/Control includes HELP/Runtime, 
HELP/Popup and our help screen compiler. 

With HELP/Runtime, a few simple subroutine calls add context sensitive on-line help to your 
application. HELP/Runtime includes tested interfaces for C (Microsoft and Lattice), Pascal 
(Microsoft andTurbo), IBM BASIC (Interpreter and Compiler), Microsoft FORTRAN, COBOL(IBM and 
Realia) and assembler. 

Use our concise screen definition language to build your help files. You define the bold captions on 
your help screens and specify the links to other screens. If you have existing documentation files, we 
supply a program which automatically marks them up to get on-line quickly. You can put an entire 
user or reference manual on-line, completely accessible to the user at all times. 

HELP/Control also includes HELP/Popup, which provides memory resident access to your custom 
help screens. Use it to document dBase and 123 applications. HELP/Popup uses the same help files 
as HELP/Runtime and operates the same from the user's point of view, allowing you to provide a 
consistent on-line environment across diverse applications. 

The complete package (software, on-line manual, printed manual, and demo programs) costs 
$125.00 and includes a royalty-free license to add HELP/RuntImetoyour applications and a license 
to make 25 copies of HELP/Popup. A demonstration diskette, including the on-line manual, costs 
$15.00. To order, or for more information (including dealer, multiple-copy and site-license pricing) 
call MDS at 207/772-5436. We accept MasterCard and VISA. 

New options with release 1.20: 

* Use Dan Bricklin's Demo Program to build your help system. Our translator turns it into a 
HELP/Control source file. 

* Include graphics in your help screens 

* Mouse support. 


MDS, INC., P.O. BOX 1237, PORTLAND, MAINE 04104 
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THE 9370 m’RACnON 

chronous events including I/O, virtual 
memory management, programming 
errors and hardware malfunctions. 

Processor storage can be config¬ 
ured in a variety of sizes, up to the 
16MB architectural limit. Programs use 
a 24-bit address, which allows access to 
16MB of address space. In the early 
1980s, this became a limiting factor to 
performance for very large systems. 

IBM developed 370 extended architec¬ 
ture (XA), which raised the upper limit 
to 31 bits, or 2 GB. XA is supported on 
the 3090 and 4381, but not on the 
9370. 

Performance of the main storage 
subsystem depends upon many factors, 
including storage size, access width, 
cycle time, high-speed buffer (HSB) 
size, and program characteristics. Access 
width is the number of bytes trans¬ 
ferred between the processor and main 
memory in each access. As access width 
increases, the quantity of data that can 
be transferred per second increases. In 
S/370, access width ranges from 2 to 16 
bytes; in the 9370 series, access width 
is 4 bytes, except in the Model 90, 
which supports 8 bytes. Cycle time is a 
measure of the storage speed and is 
defined as the length of time that main 
storage is busy when a reference is 
made to it. IBM has provided no speci¬ 
fications for storage cycle time of the 
9370, but IBM’s 1-megabit storage chips 
are rated faster tlian 100 nanoseconds 
(ns). The basic machine cycle time (not 
necessarily equal to the storage cycle 
time) is 90 ns for the lower models 
and 50 ns for the Model 90. The high¬ 
speed buffet' (called a cache by other 
vendors) contains recently used por¬ 
tions of processor storage, enabling 
faster access. HSB storage is 16KB on 
the Models 60 and 90; it is not used on 
other 9370 models. 

Virtual storage permits users to 
write programs with the assumption 
that the system has multiple address 
spaces, each with as much as 16MB of 
storage. The total amount of virtual 
storage used by programs may exceed 
the amount of real storage on the sys¬ 
tem. This capability is provided by dy¬ 
namic address translation (DAT) and 
channel indirect data addressing. These 
hardware functions are supplemented 
by operating system software functions. 
Virtual storage is structured into two 
levels: segments and pages. An address 
space is divided into segments of either 
64KB or 1MB. Segments are divided 
into pages of 4,096 bytes (2,048-byte 
pages are possible, but seldom are 
used). A page may contain instructions, 
data, or both. When a program is exe- 
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Order Eco-C88 Rel. 4.0 New Modeling Compiler 
and get C-more at no extra charge! 

Seek and Correct 

You already know that fast compilation does not mean fast program development. Backing 
up for bogus error messages and removing the bugs takes time. Eco-C88’s “Seek and Correct” 
three - way error checking finds even the most elusive bugs, clearing the path for swift program 
development. 

Double Barrel Error Checking 

Eco-C88 nails syntax errors cold and tells you about the error in plain 
English. And there’s no avalanche of false error messages, either. Other 
compilers can generate up to four times the number of error messages 
actually present; they leave it up to you to guess which ones are 
real. You’ll be more productive with Eco-C88 because there is no 
guess work. 

ECO-C88 provides ten levels of semantic error checking. You can 
select from almost no checking to the fussiest you’ve ever seen. 

Eco-C88’s “picky flag” finds subtle errors that slip by 
other compilers. 

Eco-C88 also features: 

• All data types, plus ANSI Enhancements 

• Robust library, including many new ANSI 
functions 

• CED editor with online function help, split 
windows, compile-edit-link capability 

• New, expanded manual with sample pro¬ 
grams for the library functions 

C-more Source Code 
Debugger 

Finally, if a really nasty bug persists, 
put C-more, our source code debug¬ 
ger, to work. With C-more you can 
watch your program as it executes, 
single-step it, set simple or conditional 
breakpoints, test complex expressions, 
use variables as indexes into other vari¬ 
ables, initialize and trace variables, examine 
CPU registers, display results with printfO- 
type options and much more. C-more can help 
you track down bugs in minutes rather than days. 

The price for Eco-C88 is $99.95. And, for a 
limited time, we’ll give you our C-more debugger 
at no extra charge. 

Ecosof t Inc. 

6413 N. College Ave. 

Indianapolis, IN 46220 

(317) 255-6476 
(800) 952-0472 


CIRCLE NO. 131 ON READER SERVICE CARD 















Visit us at Comdex 
Booth #W161/163 



in Desktop 
Conversion Systems! 
SCAN - DISK - TAPE 


Since 1982. Fiagstaff Engineering has supplied thousands of conversion systems 
to customers in more than 50 countries worldwide. We manufacture and develop 
a vast array of specialized conversion products for the PC/XT/AT and the new PS/2. 
With our “SCANNING CONNECTION” systems you can scan images and text for use 
with your desktop publishing system and convert images to text using our OCR 
software. Our “DISKETTE CONNECTION” systems can read and write most SVz”, 
574” and 8” diskettes. We have developed over 100 programs to transfer word 
processing, typesetting and data files from thousands of computer systems. Our 
“TAPE CONNECTION” systems can read and write 1/2” 9-Track 800/1600/6250 
BPl magnetic tapes from mainframe computer systems. Our new FIFO tape 
controller card can transfer tape data at rates up to 400 Kb/sec. For information 
on our products or prices please call us today at (602) 779-3341. 

f FLAGSTAf=F 1120 Kaibab Lane 
_eNGINe€RING Flagstaff. AZ 86001 
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cuted, the addresses of the program 
are translated from virtual to real ad¬ 
dresses by the DAT hardware function. 
As pages of virtual storage are accessed, 
they are brought into real storage from 
external page storage disks by the op¬ 
erating system. 

I/O operations transfer data be¬ 
tween main storage and an I/O device. 
An I/O operation is initiated by a start 
I/O (SIO) instruction, which generates 
a command to a channel. A control 
unit receives the command via the I/O 
interface, decodes it, and starts the I/O 
device. Channels are the direct control¬ 
lers of I/O devices and control units. 
Usually, control units are packaged sep¬ 
arately from the CPU and connected by 
pairs of fat “bus-and-tag” cables that are 
routed beneath raised floors. These 
cables implement a standardized eight- 
bit parallel interface that is identical for 
all S/370 channels and control unit 
types. Cabling from the control unit to 
the device is not standardized, and var¬ 
ies substantially among products. 

The 9370 represents a major de¬ 
parture from traditional S/370 in the 
areas of channels, control units, and 
cabling. While it is still possible to have 
separate control units and devices con¬ 
nected via bus-and-tag cables, it is no 
longer necessary. Disk and tape drives 
and controllers can be rack-mounted in 
the 9370’s cabinet, and the controller 
connects directly to the system bus, 
which uses a proprietary^ interface 
unique to this product. (The disk and 
tape drive interface to the controller is 
EIA IPI-3, a published standard.) Com¬ 
munications adapters are attached in a 
similar manner. Interestingly, the 9370 
bus can operate faster than 5MB per 
second, and thus is faster than an S/370 
channel. This approach allows the 
product to connect to most standard 
S/370 peripherals, but also permits at¬ 
tachment of simpler, more compact 
and economical peripherals. 

Channels can be viewed as special¬ 
ized processors for I/O: they allow 
S/370 to read, write, and compute in 
parallel by relieving the CPU of the 
task of communicating with I/O de¬ 
vices. In some 370 machines, channels 
are physically separate from the CPU, 
but the trend is toward integrated 
channels that reside in the same box as 
the processor. S/370 has two types of 
multiplexer channel: block and lyy’te. 

A block multiplexer channel per¬ 
forms several I/O operations simultane¬ 
ously, but transfers data to one device 
at a time, in burst mode. Burst mode 
allows an entire block of data to be 
transmitted in one operation, in a sin- 
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gle logical connection to the device. It 
is intended for high-performance de¬ 
vices including modern disk and tape 
drives. A b\te multiplexer channel 
transfers data to several devices at the 
same time, but it transmits one byte at 
a time. It is used for low-speed, unbuff¬ 
ered devices such as card readers or 
certain older adapters. Block multi¬ 
plexer channels can be used on the 
9370, but bue multiplexers cannot. 

In theor^^ any channel can be con¬ 
nected to a maximum of 256 devices, 
but in practice, the number of devices 


is limited by workload and by channel 
data rates. B^te multiplexer channels 
operate at 50KB/second or less, and 
block multiplexers are limited to 
3.0MB/second in current products. Ar¬ 
chitecturally, as many as 16 channels 
can be attached to each CPU, but some 
processor models support fewer chan¬ 
nels. The 9370 Model 20 can be config¬ 
ured with a maximum of 4 channels; 
all other models allow 16. With XA, as 
many as 256 channels can be attached; 
however, no current IBM product sup¬ 
ports that number of channels. 


Multiple S/370 processors can be 
locally connected using a configuration 
technique called shared DASD, or 
shared direct access storage devices, or, 
more simply, disks. With shared DASD, 
each processor is cabled to shared disk 
control units. Each DASD unit con¬ 
nected to the shared control units can 
be accessed by any CPU. The hardware 
provides locking facilities (called re- 
sei*ve and release) to protect the integ¬ 
rity of data. Only one lock is imple¬ 
mented per unit, so hardware locking 
at the file or record level is not possi¬ 
ble. This degrades both performance 
and reliability, and various schemes in 
software and hardware have been de¬ 
veloped to minimize its overhead. Nev¬ 
ertheless, shared DASD is common¬ 
place because few efficient alternatives 
are available for sharing data at high 
speeds between different S/370 models. 

The channel-to-channel adapter 
(CTCA) is another mechanism used to 
connect two S/370s at high speeds over 
short distances. As its name implies, the 
CTCA effectively connects two block 
multiplexer channels together, and 
each system appears as an I/O device 
to the other. The bandwidth of this 
connection is limited to the maximum 
channel data rate. Multiple CTCAs can 
be attached to a processor, if necessary. 
The distance between processors is 
limited to 120 meters, but it can be 
extended to 2 kilometers, at lower 
speed, by using an IBM 3044 fiberoptic 
channel extender. CTCAs often are 
used in conjunction with shared DASD 
and communications software such as 
the ACF/VTAM (advanced communica¬ 
tion function/virtual telecommunica¬ 
tions access method). 

Multiprocessing, which refers to a 
system with two or more CPUs that 
share access to main storage, is some¬ 
times called tightly coupled multipro¬ 
cessing. It offers significant advantages 
over shared DASD: 

• The workload balance among the 
CPUs is excellent. A single copy of 
the operating system resides in 
shared memor)^ and dispatches user 
tasks independently. With shared 
DASD, each CPU has an independent 
copy of the operating system. 

• System availability can be improved. 
The system can continue to process 
the workload while the CPUs, storage, 
channels, control units, and I/O de¬ 
vices are being repaired. 

• Applications need not be aware that 
the system is a multiprocessor. Oper¬ 
ating systems create the illusion of a 
single processor system, or single as¬ 
tern miage. Shared DASD requires a 
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OASYS is proud to announce the irrt- 
mediate availabil ity of the OASYS/M iero- 
soft Cross C Development System. 
Microsoft C, MASM (Assembler), and 
LINK (Linker) now run on DEC VAX 
(VMS and Ultrix), Sun and Apollo 
sy.stems. 

Those accustomed to using these 
.superior Microsoft tools on a PC can 
now build MS-DOS applications on a 
VAX or workstation. OASYS guarantees 
that the unsurpassed .speed, compactness, 
and flexibility of Microsoft C have been 
pre.served. The OASYS/Microsoft Cross 
C Development System offers identical 
functionality to Microsoft C - no .short 
-cuts, no alterations - repackaged to meet 
today's demands for high performance/ 
low cost development on non-MS-DOS 
.sy.stems. 


With the OASYS/M icrosoft Cross C 
Development System you can maintain, 
or even extend, applications originally 
created on a PC. Software development 
teams can now build large, complex 
MS-DOS (soon OS/2) applications on 
powerful centralized VAXs or networked 
workstations. 

Regardless of where you choose to do 
development, OASYS provides the best 
tools, on the widest variety of hosts, with 
comprehensive support. Our exclusive 
relation.ship with Microsoft, the world’s 
leading supplier of MS-DOS software 
products, is evidence of our commitment 
to provide evolving PC tools to OASYS 
cu.stomers. 

Prices start at $1,000. New ports are 
underway. Call today for more informa¬ 
tion. OEM and end-user inquiries are 
encouraged. 
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230 Second Avenue, Waltham, MA 02154 (617) 890-7889 

MS-DOS, Microsoft and the Microsoft logo are registered trademarks of Microsoft Corp. 
Apollo is a trademark of Apollo Computer Inc. Trademarks are also acknowledged to 
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The Final Step in^ur 
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XT and AT, the KB 
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large amount of planning by pro¬ 
grammers and installation managers 
to operate efficiently. 

Several of these multiprocessor config¬ 
urations are possible: 

• Multiproc^or (MP) contains two 
identical tightly coupled CPUs that 
can be separated into independent 
systems, as necessary. The 3033MP is 
an example of this type. 

• Dyadic configurations contain two 
equal processors in one physical box, 
with a shared channel subsystem and 
shared memory. They execute one 




KAN is a complete, powerful solution 


operating system and cannot be sepa¬ 
rated. However, if one CPU fails, sys¬ 
tem operation continues on the re¬ 
maining CPU. Concurrent mainte¬ 
nance is possible. The IBM 3090-200E 
and 3081 are dyadic. 

• Four-way processors (or “quads”) are 
two dyadic systems connected in an 
MP configuration. Four CPUs share 
memory, channel subsystems, and 
one operating system or are sepa¬ 
rated into two dyadic systems run¬ 
ning two operating systems. The 
3090-400E uses this configuration. 


for applications development. 



KAN will: 

• Increase developmental productivity 

• Decrease application maintenance cost 

• Minimize training requirements 


KAN includes: 

• Screen Format Editor & Handler 

• Logical View Editor & Handler 

• Data Base Manager 

• External Data Base interfaces 

• Interactive Help Editor & Manager 

• Report Editor & Handler 

• Graph Editor & Handler 

• Program Editor and debugger 

• Program Generator 

• Development utilities 

• Master User Facilities 

• Active Dictionary facilities 

KAN provides in one complete package all the tools and functionality 
required for advanced application development. 


System Requirements: 

KAN DOS —MS-DOS microcomputer; 512-640K memory; hard disk; 

monochrome, CGA, or EGA; matrix printer. 

KAN OS/2— OS/2 microcomputer; hard disk. Optional: CGA, EGA, or PGA; 
LAN. 
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• Three-way and six-way processors are 
also additional variations of the dy¬ 
adic and quad concepts. 
Multiprocessing and shared DASD have 
become so commonplace that single 
CPU environments seem somewhat 
unusual. Architecturally, the 9370 sup¬ 
ports shared DASD and CTCAs. These 
features would be useful to connect a 
9370 into a complex of existing large 
systems, for example, 4381s. However, 
it would be expensive and clumsy to 
connect two 9370s together using these 
techniques. Multiprocessing is not sup¬ 
ported, but users are likely to demand 
it in the future, if only to ease the 
pains of system expansion. 

In the early 1980s, IBM customers 
began to reach the limits of S/370 ar¬ 
chitecture in two important areas: ad¬ 
dressing and I/O. IBM introduced S/370 
XA to facilitate the implementation of 
very large systems. Two addressing 
modes are defined: 24-bit and 31-bit. 
This allows selective expansion of the 
address space to 2GB, but enables 
older programs to continue operating 
in 24-bit mode. IBM enhancecl channel 
performance by moving portions of the 
I/O scheduling function from the oper¬ 
ating system to microcode in the chan¬ 
nel subsystem. XA redefines all I/O in¬ 
structions and I/O path management 
functions of the operating system. To 
use XA, a customer must migrate to a 
new version of the MVS or VM operat¬ 
ing system. XA is supported only on 
the 3081, 3083, 3084, 3090, and 4381 
processors, not on the 9370. 

A HARDWARE BLEND 

The 9370 hardware design is a blend 
of new technology with concepts devel¬ 
oped for the 4300 and 3090 series. The 
initial impression is of a serious, well- 
designed machine that will offer the 
customer outstanding reliability for 
many years. On the other hand, it rep¬ 
resents no striking breakthroughs in 
technology or price/performance. It is 
simply a major refinement and partial 
redefinition of its immediate predeces¬ 
sor, the 4361. It renders the 4361 
totally obsolete, but is not powerful 
enough to replace the aging 4381, 
which continues to be marketed. 

Compared with older systems, the 
hardware of the 9370 is substantially 
repackaged. System functions are orga¬ 
nized into discrete units—building 
blocks that contain the instruction pro¬ 
cessor, main memory, and I/O. subsys¬ 
tem controllers within the processor 
package. Memory and logic chips are 
mounted on modules which are, in 
turn, mounted on cards (see figure 1). 
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Our software comes with something 
no one else can offer. 


When you join the Lattice family 
of customers, you’ll discover that 
your software purchase is backed 
by more than just an excellent 
warranty It’s backed by unparal¬ 
leled technical support. By a total 
commitment to your success and sat¬ 
isfaction. And by Lattice’s dedication 
to excellence in products and services. 

Unlike other software manufacturers 
who charge you for services after you’ve 
purchased their product, Lattice offers 
a unique package of support programs 
at a price we can all live with—FREE. 

Lattice Bulletin Board Service 

LBBS is our 24-hour a day bulletin 
board system that allows you to obtain 
notification of new releases, general 
information on Lattice products, and 
programs for the serious user. And if 
you’ve ever experienced the fmstration 
of having to wait a year or more for 
a new release (that has corrected a 
bug), you’ll really appreciate LBBS. 
Because with this service, you can 
actually download the latest prognim 
fixes to instantly eliminate any bugs 
discovered after release. 


Available through dealers and 
distributors worldwide. 


Lattice Service. 


Technical Support Hotline 

Responsible, dependable and capable 
Support Representatives are only a 
phone call away. You will talk to a liiglily 
skilled expert who is trained to answer 
any questions you have relating to 
specific Lattice products. Remember, 
your complete satisfaction is our goal. 

McGraw-Hill BIX"^ Network 

The Byte Information Exchange (BIX) 
Network is a dial-in conference system 
that connects you with a Special Interest 
Group of Lattice users. The nominal 
one-time registration fee allows you 
to BIX-mail your questions—via your 
modem—directly to Lattice. Or you 
can post your questions in the con¬ 
ference mode for Lattice or other users 
to answer. Once again, you have 
24-hour access. 


You Also Receive: 

■ Timely updates and exciting 
enhancements ■ 30-day, money- 
back guarantee ■ Lattice Works 
Newsletter ■ Technical Bulletins 

■ Access to Lattice User Groups 

Lattice has developed more than 50 
different Microcomputer software tools 
that are used by programmers world¬ 
wide. We were there for every MS-DOS 
release. We’re there now for OS/2. And 
we’ll be there for the next generation 
of technical changes. But most of all. 
Lattice is there for you. 


Lattice, Incorporated 
2500 S. Highland Avenue 
Lombard, IL 60148 
Phone: 800/533-3577 
In Illinois: 312/916-1600 
Subsidiary of SAS Institute Inc. 
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Memory and logic chips are mounted on modules that are mounted on cards. 
Tliese cards fit into the processor’s card enclosures; the processor itself fits into 
an EIA standard rack enclosure along with various peripheral devices. 


Logic chips for the Model 90 are 
mounted on the multilayer substrate of 
an air-cooled thermal conduction mod¬ 
ule (TCM). Memon^ and logic cards fit 
into slots in the processor, which itself 
fits into an EIA standard rack enclosure 
along witli DASD and tape devices. The 
rack is 1.0 or 1.6 meters high, and fea¬ 
tures a foot tliat protrudes from the 
base of the rack to prevent tipping 
when any drawers containing DASD or 
tape units are pulled out. 

The system console/service pro¬ 
cessor, an IBM PS/2 Model 30, is con¬ 
nected to the system \aa two cables: an 
RS-232 cable to support processor con¬ 
trol functions and a coaxial cable to 
emulate a 3278 display as a console. 

IBM provides software for the PS/2 to 
perform all system control and error 
logging functions. The service pro¬ 
cessor can be connected to a modem 
for remote operation, including power¬ 
ing the system on and off Early ship¬ 
ments of the 9370 included a PC/AT, 
rather than a PS/2, but IBM representa¬ 
tives assured PC Tech Journal that pro¬ 
duction models would ship with a PS/2. 
Curiously, none of IBM’s brochures 
mentions that the ser\dce processor is a 
PC- or PS/2-class machine. 

The 9370 processors use a new 
generation of dense, high-speed bipolar 
logic chips. Chips used to implement 
processor logic functions provide more 
tlian 4,000 gates (see photo 4). Chips 
used in the floating-point accelerator 
card contain more than 7,500 gates. 

Two special types of memory^ chips 


provide fast access to frequently used 
data; both are static RAMs. One holds 
more than 9,000 bits and operates in a 
25-ns access time. It is used as an HSB. 
The other static I^AM stores the main 
memory addresses of all data in the 
HSB; this l^AM holds more than 2,000 
bits and operates at 16 ns. 

Some of the logic cards used in 
the 9370 contain more than 40,000 cir¬ 
cuits, and therefore represent some of 
the highest density packaging of any 
IBM system. The 9370 also includes 
dense memoiy^ packaging—up to 80 
one-megabit dynamic RAMs are pack¬ 
aged on each of the system’s 8MB pro¬ 
cessor storage cards (see photo 5). 
These cards contain a function that au¬ 
tomatically selects redundant circuits 
and places them in service if a failure 
is detected. Memory and logic cards 
are enveloped by protective covers, 
which also direct the air flow across 
the cards for cooling. The card covers 
for the I/O controller cards include a 
tailgate assembly with connectors and 
support brackets in order to accommo¬ 
date direct attachment of device cables 
at the rear of the unit. 

The card enclosure in tlie 9370 
represents state-of-the-art technology in 
card-on-board packaging. Two planar 
boards, at the top and bottom of tlie 
assembly, hold memoiy^ and logic cards 
inserted beu^^een them. A one-piece 
frame supports the two opposing 
boards and provides a mounting sur¬ 
face for fastening the package to the 
system frame. Cards slide freely into 


place and are secured by a retention 
spring on the card cover, before the 
Zero Insertion Force (ZIF) connector is 
engaged to provide the electrical con¬ 
nection to the 258 gold contact tabs on 
each end of the card. Each enclosure 
holds a maximum 17 memon^ and 
logic cards (see figure 2). 

The Model 90 features IBM’s first 
air-cooled TCM. Water-cooled TCM 
technolog}^ was first introduced in 1980 
on the 3081, and has a good track rec¬ 
ord for reliability. A single TCM houses 
all processor logic, cache memoiy^, and 
control storage for the Model 90. A 
total of 116 logic chips, each with 704 
circuits, is used in this single large 
module. The TCM’s substrate, with 33 
layers, accommodates 3.2 meters of 
wiring per square centimeter of sur¬ 
face. On the bottom of tlie substrate, 
1,800 pins supply power to the chips 
and route signals to the next level in 
the packaging hierarchy. All electrical 
interconnections on the TCM are made 
through die multilayer ceramic which 
contains more than 12,000 chip contact 
pads (see figure 3). 

The 9370 product line includes 
DASD and tape devices plus I/O con¬ 
troller cards that can be added to the 
system incrementally. This reduces total 
system cost, as compared with older 
S/370 machines, in which control unit 
and I/O devices were separate stand¬ 
alone units. To add new devices, a cus¬ 
tomer need only open die back door 
of the system, insert an I/O controller 
card, and run a cable from the card to 
the I/O device. Inside the rack enclo¬ 
sure, clever cable holding arms help 
avoid a jumble of tangled cables. See 
table 2 for a list of the number and 
types of I/O controllers and the devices 
supported by each 9370 model. The 
following types of I/O devices are sup¬ 
ported by the system: 

• 9332 rack-mounted DASD, with 
368MB drive and controller. 

• 9335 rack-mounted DASD, with sepa¬ 
rate rack-mounted controller and 
824MB drive. 

• 9347 rack-mounted tape unit, which 
supports the standard .5-inch 2,400- 
foot reels of magnetic tape, with an 
integrated controller. Communica¬ 
tions processor and multiprotocol 
adapter cards. 

• Cards to connect 3270 workstations, 
ASCII/asynchronous terminals, IBM 
Token-Ring LANs, and the IEEE 802.3 
(Ethernet) LANs. 

• S/370 block multiplexer channel 
cards. These allow connection of vir¬ 
tually any modern stand-alone S/370 
control unit or I/O device. 
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Cards slide freely into place and are secured by a retention spring on the card 
cover. The Zero Insertion Force (ZIF) connector is engaged to provide the elec¬ 
trical connection to the 258 gold contact tabs on each end of the card. 


DASD specifications are somewhat 
comparable to IBM’s far more expen¬ 
sive 3380 devices. They have about the 
same rotation speed and head move¬ 
ment time and therefore potentially the 
same access time on a lightly loaded 
system. Tape drive performance is infe¬ 
rior to its mainframe counterparts, but 
that is expected, given its small size 
and low price. Cartridge tape drives 
compatible with the successful IBM 
3480 series are not available. The com¬ 
munications cards and terminal attach¬ 
ment features support a wide range of 
devices, at a lower cost than on a 4381 
or 3090. See table 3 for pricing. 

SOFTWARE SELECTIONS 

Four operating systems are offered by 
IBM for the 9370: VM, VSE, MVS, and 
IX/370. VM seems the most suitable, 
considering the hardware and the sys¬ 
tem’s most likely applications. It will 
run efficiently on all models, and it 
supports better scientific and office 
software than any other IBM operating 


system. VSE also is a good match for 
die hardware; however, it is fundamen¬ 
tally a batch operating system of 1960s 
vintage that has been given periodic 
face lifts over the years. MVS is clearly 
too large for die smallest 9370 models. 
It could be used on Models 60 and 90, 
but it would be rather expensive, in 
terms of both hardware and software. 
Finally, IX/370 is an IBM implementa¬ 
tion of UNIX System V, which can run 
on any S/370 processor, but must be 
executed under VM. 

VM is a general purpose operating 
system that offers excellent time-shar¬ 
ing facilities, limited transaction pro¬ 
cessing, and minimal batch processing 
facilities. VM’s weaknesses are not as 
serious as they seem at first, because 
any other S/370 operating system can 
be executed in a virtual machine. The 
system is compatible with all current 
S/370 systems, including 3090, 4381, 
and 9370, as well as the PC/AT-370. It is 
the most versatile IBM operating sys¬ 
tem, and its popularity increases stead¬ 


ily. Several different VM products are 
available (IBM never offers just one of 
an^^hing), but only two variations are 
likely to be encountered on the 9370: 
the Virtual Machine/System Product 
(VM/SP) and the VM/IS. 

The difference between VM/SP and 
VM/IS is simply packaging; both pro¬ 
vide the same basic operating system 
services. VM/SP is for purists—it comes 
from the factory with no additives. It is 
generated and installed in the tradi¬ 
tional fashion by a professional systems 
programmer, who can tailor it to the 
installation’s particular needs. Other 
software can be selectively added by 
the systems programmer. VM/IS is a 
pretested, ready-to-load, ready-to-use 
system tliat includes VM/SP plus popu¬ 
lar end user software. VM/IS offers 
these modular optional applications: 

• Text/Office Support (PROFS, DW/370, 
Application System) 

• Intelligent Workstation Support 
(PC/VM BOND) 

• Engineering/Scientific Program Devel¬ 
opment (FORTRAN, ISPF/PDF, and 
similar packages) 

• Data Base Query (SQL/DS, QMF, 
and DBEDIT) 

• APL Language Support 

• Problem Solving Languages (BASIC 
and PASCAL) 

• Networking Support (VTAM, RSCS, 
and NetView) 

• Communications Controller Support 
(NCP, SSP, and EP) 

• Remote Communication Support 
(CVIEW, PVM, and RSCS). 

VM has two components—Control Pro¬ 
gram (CP) and Conversational Monitor 
System (CMS). CP manages resources 
of the system and creates virtual ma¬ 
chines where operating systems can 
run. A virtual machine has software and 
simulated hardware resources that run 
in a real computer under VM. A virtual 
machine can do almost anything a real 
machine can do. Nearly all S/370 oper¬ 
ating systems can run in a virtual ma¬ 
chine, including MVS, VSE, and VM it¬ 
self. On the 9370, VSE running under 
VM may prove a popular combination, 
as it was on the 4300 series. 

CMS, which is designed to run in 
a virtual machine, cannot run on a real 
machine by itself—it requires CP. CMS 
lets the user run application programs 
from a terminal, and provides extensive 
facilities to manage files efficiently. The 
System Product Editor has full-screen 
editing capabilities for preparing text, 
data, and programs. The System Prod¬ 
uct Interpreter contains powerful com¬ 
mand procedure and programming 
capabilities. CMS is structurally similar 
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The Model 90’s 116 chips for processor logic, cache memory, and control storage 
are mounted on the multilayer substrate of a single, air-cooled Thermal Conduc¬ 
tion Module (TCM), which is mounted in the lower part of the processor unit. 


to DOS: it gives each user the illusion 
of having his own machine, and it has 
a command interpreter and system ser¬ 
vices comparable to those of DOS. The 
command language and programmer 
interface, on the other hand, are signif¬ 
icantly different. 

MVS, IBM's flagship operating sys¬ 
tem, was introduced in 1974 to control 
the largest IBM systems. Today it is in¬ 
tended for use on 3090 and 4381 sys¬ 
tems. It is preferred by customers with 
hea\^^ batch data and moderate transac¬ 
tion processing requirements. M\^S sup¬ 
ports batch, transaction, and time-shar¬ 
ing modes. It has excellent batch pro¬ 
cessing facilities, but its transaction pro¬ 
cessing functions and time-sharing facil¬ 
ities reflect the compromises inherent 
in a general-purpose system. 


IBM offers two versions of MVS/SP: 
version 1 is called MVS/370 and pro¬ 
vides multiple 16MB address spaces; 
version 2 is called MVS/XA, and sup¬ 
ports XA. Version 1 can be executed on 
Models 60 and 90. Version 2 cannot be 
used on the 9370. The customer has a 
choice between two Job Entr^^ Subsys¬ 
tems UES), which mainly perform 
batch job scheduling and spooling. 

JES2 provides relatively simple job 
scheduling, and is chosen by a large 
majority of customers. JES3 is more 
sophisticated, has higher overhead, and 
is intended for very large complexes. 

With MVS, customers execute 
batch jobs using the facilities of JES2 or 
JES3. Transaction processing is per¬ 
formed by a DB/DC software product 
such as CICS/VS (Customer Information 


Control System/Virtual Storage) or 
IMS/VS (Information Management 
System/Virtual Storage). Time sharing is 
provided by TSO (Time Sharing Op¬ 
tion), a standard facility of MVS—it is 
not really an option. The TSO allows 
all terminal users to share remote ac¬ 
cess to the system for interactive pro¬ 
cessing. These include editing pro¬ 
grams and data; compiling programs 
written in COBOL, FORTRAN, assembly 
language, and other popular languages; 
executing programs interactively; and 
submitting batch jobs and retrieving 
job output at a terminal. 

Not all features of die 9370 are 
usable under MVS. For example, the 
9335 and 9332 disk drives use a fixed- 
block architecture (FBA) format. MVS 
supports only count-key-data (CKD) 
DASD, such as the IBM 3380. There¬ 
fore, the block multiplexer channel fea¬ 
ture and standard channel cables must 
be used to connect disk drives and 
control units to the 9370. The 9370’s 
rack-mounted disks cannot be used 
with MVS, but they do operate with 
both die 'VM and VSE. 

VSE/SP is an operating system that 
evolved from DOS/360, which is in¬ 
tended for small S/370 processors, in¬ 
cluding the 4300 and 9370. VSE is exe¬ 
cuted on more computers than VM and 
MVS combined, but the computers are 
relatively small mainframes. MVS and 
'VM are far more important in a strate¬ 
gic sense, and some analysts suggest 
that IBM wants VSE customers to mi¬ 
grate to either VM or MVS. 

VSE is a batch operating system, 
but it supports transaction processing 
and limited time sharing. It allows mul¬ 
tiprogramming of user jobs and system 
services, including VSE/PO'WER (a 
spooling system), VSE/ICCF (a text edi¬ 
tor, limited time sharing), CICS/VS 
(transaction processing), ACF/VTAM 
(communications software) and batch 
jobs. Users request services via the Job 
Control Language GCL). The system 
supports a variety of high-level lan¬ 
guages and file organizations. 

Software written for the VSE envi¬ 
ronment is not directly compatible with 
MVS or VM/CMS and must be con¬ 
verted to run in those environments. 
Conversion is straightforward but time- 
consuming. VSE can be executed in a 
virtual machine under VM. This simpli¬ 
fies conversion and coexistence be¬ 
tween the two systems. For many pro¬ 
fessionals, VSE is an intermediate step 
to a more sophisticated operating sys¬ 
tem such as 'VM or MVS. Sometimes it 
is used to supplement the weak batch 
processing capabilities of CMS. 


190 


PC TECH JOURNAL 






























































Blow away the 640K barrier 


Gain the benefits of protected 
mode the easy way with OS/286 
and OS/386These tools for C, 
Fortran, Pascal and Assembly 
language programmers permit 
rapid conversion of existing DOS 
applications from “real” 8086 
mode to “protected” 286 and 386 
mode. They don’t replace or mod¬ 
ify DOS, but extend it to protected 
mode. 

OS/286 and OS/386 are the only 
DOS extenders that span both the 
286 and 386 processors, with 32- 
bit capability today on 386s that 
yields twice the performance of 
16-bit mode. OS/286 and OS/386 
have quickly become the prefer¬ 
red solution for developers of high 
performance, memory-intensive 
applications, including CADKEY, 
CASE, VIEWlogic, and Gold Hill, 
and premier language developers 
Lahey and Met a ware. 

Our optional TOUCHDOWN™ 
BIOS supplement provides fast 
and reliable protected mode oper¬ 
ation on any 286 system, even 
those with problems resetting the 
286. (Ever notice how few existing 
machines Operating Systeni/2 
runs on?) 

If your applications are run¬ 
ning out of memory or need more 
speed, don’t wait for the “solu¬ 
tion” that means abandoning 
your investment in DOS. 
Enhance them now with 
OS/286 and OS/386 — products 
not promises. 



OS/286™ & OS/386™ Benefits: 

• Gain multi-megabytes of direct¬ 
ly addressable memory (15-Mb- 
286,4Gb-386) 

• Increase performance by elimi¬ 
nating overlays and EMS 

• Convert in days, not months 

• Continue to work with a DOS 
interface and use existing TSRs, 
device drivers, graphic routines, 
etc. 

• Stay compatible with the widest 
array of systems 

A.I. Architects Software Devel¬ 
opers Edt $495 
includes full support for: 

• MetaWare High C (16 & 32 bit) 

• Professional Pascal (16 & 32 bit) 

• Lahey F77L FORTRAN 

• Microsoft C & Fortran 4.0, 

• MASM, MS-Link 

• Phoenix PLINK86 

• Halo & GSS Graphics 

• Pharlap 386: ASM/LINK 
more to come 

Run time licenses for OS/286 

and OS/386 are available at 

nominal cost. 


AJ. 

Architects, Inc. 

One Kendall Square, Building 400 
Cambridge, Massachusetts 02139 
(617) 577-8052 


The HummingBoard'” 
turns any XT or AT Into the fastest 386 
system available. The dual processor 
architecture boosts performance sig¬ 
nificantly over comparable single 
processor systems or accelerator 
boards. Available with 2 to 24Mb 
RAM, 16 or 20Mhz speed, and 387 
floating point coprocessor. 


OS/286, OS/386 and HmnmingBoard are trademarks of A.I. Architects, Inc., High C and Professioned Pascal are 
trademarks of Metaware, Inc., F77L FORTRAN is a trademark of Lahey Computer Systems, Inc., Microsoft and MS-DOS are trademarks of Microsoft Corp. 
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TABLE 2: System Capacities 


IBM 9370 

MODEL 20 
(9373) 

MODEL 40 
(9375) 

MODEL 60 
(9375) 

MODEL 90 
(9377) 

Cycle time (ns) 

90 

90 

90 

50 

Cache (MB) 

N/A 

N/A 

16 

16 

Main memory (MB) 

m/\6 

8/16 

8/16 

8/16 

I/O capacity (MB/sec) 

5.5 

22 

22 

39 

Data path width (bytes) 

4 

4 

4 

8 

I/O buses 

1 

4 

4 

6 

I/O controller slots 

7 

17 

17 

10-54 

Total I/O subsystem controllers 

4 

16 

16 

16 

Maximum of each type: 
DASD/tape 

2 

4 

4 

12 

Workstation 

2 

6 

6 

12 

Communications ^ 

2 

4 

4 

12 

System/370 channel 

1 

2 

2 

12 

" Telecornmiinicatioris, ASCII, IBM Token Ring, or IEEE 802.3 LAN 




The four 9370 models ojQfer a wide range of capabilities and features, ranging from 
the Model 20 with its 7 I/O slots to the Model 90, with up to 54 I/O slots. 


TABLE 3: 9370 System Pricing 


ITEM 

MODEL/FEATURE 

PRICE 

9373 processor 

020 

$31,000 

9375 processor 

040 

65,000 


060 

93,000 

9377 processor 

090 

190,000 

Automated power controls 

4000 

800 

4MB memory addition for 9373 

4002 

10,000 

8MB memory addition for 9373 or 9375 

4008 

20,000 

8MB memoiy addition for 9377 

4108 

20,000 

I/O card unit adapter 

5000 

4,200 

I/O card unit 

5010 

7,700 


5020 

11,300 

Channel power control 

6001 

1,600 

S/370 block multiplexer channel 

6003 

6,000 

DASD/tape controller 

6010 

3,000 

Workstation controller 

6020 

4,200 

Communications processor 

6030 

2,400 

Multi-protocol adapter 

6031 

1,200 

Asynchronous adapter 

6032 

825 

IBM Token-Ring adapter 

6034 

1,950 

IEEE 802.3 adapter 

6035 

2,700 


Although all processors but the Model 90 are priced less than $100,000, total sys¬ 
tem price for a well-equipped midlevel system can easily exceed that mark. 


Interactive Executive for S/370 
(IX/370) provides UNIX applications 
execution, program development, and 
text processing environments for VM. 
Announced in 1985, it is faithful to 
AT&T’s System V specification, with a 
few minor omissions (games and on¬ 
line documentation, for example), and 
a few IBM extensions, including virtual 
memory, file locking, performance im¬ 
provements, a new editor, and inter¬ 
system communications facilities. The 
standard UNIX editors, command lan¬ 


guage, Bourne shell, communications 
support, and program development 
tools are available and have been inte¬ 
grated with VM. IX/370 cannot run in 
“native” mode (tliat is, a mode without 
VM) on an S/370 processor. 

UNIX, in general, and IX/370, in 
particular, interface poorly to the S/370 
environment. First, IX/370 supports 
only asynchronous terminals, not the 
ubiquitous IBM 3270s. On a traditional 
S/370, a Series/1 computer is required 
as a front-end processor for asynchro¬ 


nous terminal support*, fortunately, this 
support is built into the 9370, so an 
external processor is not needed. Sec¬ 
ond, most of IBM’s standard network¬ 
ing features, including Systems Network 
Architecture (SNA), are not imple¬ 
mented in IX/370 (see “SNA Strategies,” 
Ai't Krumrey, July 1985, p. 40). Despite 
the fact tliat IX/370 shares common 
roots with IBM’s other UNIX systems, 
such as AIX and XENIX, it is not fully 
consistent with them. 

IX/370 seems doomed to be the 
least popular 9370 operating system. 
Because most UNIX applications are 
portable, there is no pressing need to 
run them on a S/370 processor—any 
architecture will do. IX/370 has not 
been used extensively on large S/370 
processors, and nothing about the 9370 
would make it particularly attractive to 
prospective UNIX users. Indeed, several 
other vendors offer more comprehen¬ 
sive support of UNIX than IBM, per¬ 
haps with less costly hardware. Further¬ 
more, its poor integration with the IBM 
large systems environment makes IX/ 
370 unattractive for the large corporate 
user who intends to build a homoge¬ 
neous network. On the other hand, it 
may be useful for executing specialized 
applications in a VM system, where 
most other users are utilizing standard 
VM and CMS facilities. 

NETWORKING 

“Can it attach? . . . Yes it can!” says IBM 
in the glossy brochure that describes 
connectivity options for the 9370. Does 
IBM deliver on this crucial promise? 
Well, mostly. As usual, the “big picture” 
is littered with lots of fine print. 

The S/370 architecture of the 9370 
fully defines the product’s networking 
potential. Virtually any networking fea¬ 
ture available on the 4381 and 3090 
can be implemented on the 9370. Many 
features can be implemented at reason¬ 
able cost, without a big investment in 
specialized hardware such as an IBM 
3725 communications processors. The 
9370 has all the architectural strengths 
and weaknesses of S/370, as they relate 
to networking. Generally speaking, the 
S/370 environment gives the user the 
widest range of IBM networking 
choices, although not necessarily the 
best for every conceivable application. 

SNA sets the rules for communicat¬ 
ing in an IBM computer network. It is 
the technical blueprint that partially 
defines most modern IBM communica¬ 
tions products. IBM announced SNA in 
December 1973, and has been enhanc¬ 
ing it steadily during the past 14 years. 
Originally the architecture connected 
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There’s a remarkable world of micro¬ 
mainframe communications that lies beyond 
basic 3270 emulation. Attachmate will give you 
the extra help you need to discover it. 

Our new software—Extra! Connectivity 
Software™ —is the most powerful connectivity 
software available for the IBM® environment, 
including the new PS/2T" 

Our popular Quick Reference Guide for Micro- 
Mainframe Communications compares IBM, 
IRMA™ and EXTRA! and answers important 
questions about the new IBM standards, mul¬ 
tiple sessions, windows, file transfer, API and 
graphics. Information you should know before 
you make long-term commitments. 


If you’d like a copy of our free guide, connect 
with Attachmate today Call toll free: 


1 - 800 - 426-6283 

(1-800-IBM-MATE) 



(Quality Micro-Mainframe Solutions 
Attachmate Corporation 
3241 118th S.E., Bellevue, WA 98005 
(206) 644-4010 

Copyright © 1987, Attachmate Corporation. EXTRA! Connectivity Software is a trade¬ 
mark (H Attachmate Corppration. IBM is a reristered trademark and Personal System/2 
is a trademark of International Business Machines Corporation. IRMA is a trademark 
of Digital Communications Associates, Inc. 
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€ ^ Express Keeps on Working 
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Around the Clock 
and Around the World 



Meridian^, 

Technology 


1101 Dove Street, Suite 120 
Newport Beach, CA 92660 (714) 476-2224 


There are times when 
the information you need is 
available but you are not. It 
could be at night, on the week¬ 
end or a different time in a distant loca¬ 
tion. You’ve all felt this frustration at one 
time or another. With domestic and international 
deadlines to meet, information to gather, reports to generate and 
meetings to attend, you often feel the need to be in three places at 
once. 


Meridian Technology, Inc., the makers of Carbon Copy PLUS have 
now made this possible! Carbon Copy PLUS, the Only Double 
Feature in Communications Software, lets you be in two places at 
once. CCExpress keeps on working, around the clock and around 
the world. With CCExpress, your PC will take care of business com¬ 
pletely unattended!! 


CCExpress allows you to manage remote computers from a central 
location AUTOMATICALLY. By creating a task list, you can send and 


receive valuable infor¬ 
mation, remotely run soft¬ 
ware, and even access minis 
or mainframes without being 
there. Accomplish all this during off 
hours, and enjoy the PLUS of lower tele¬ 
phone rates. 

As an added value, CCExpress comes packaged with Carbon Copy 
PLUS giving you a complete communiations program. 


So relax, take a deep breath and rely on CCExpress to make things 
easier. It will keep on working, even when you can’t, around the 
clock, and around the world. 


LIMITED TIME INTRODUCTORY OFFER $496«® 


Carbon Copy, Carbon Copy PLUS and CCExpress arc registered trademarks of Meridian Technology, Inc. All other referenced products are trademarks of their respeaive manufacturers. 
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terminals to mainframe applications, 
but recently SNA has been restructured 
for direct communications between 
applications running on different com¬ 
puters in a network (see “Connectivity 
Pathways: APPC or NETBIOS,” Michael 
Hurwicz, this issue, p. 156). During the 
1970s, customer acceptance grew 
slowly. By 1980, a sufficient SNA hard¬ 
ware and software product set was 
available, and large corporate users 
rapidly implemented the technology. 
Today, more than 70 percent of the 
data links connected to large IBM sys¬ 
tems in the United States use SNA pro¬ 
tocols. The percentage is even higher 
in small IBM systems. 

Customers expect a good SNA 
implementation on the 9370, and IBM 
delivers. SNA defines a hierarchy of 
nodes in a network, each assigned a 
type number (called physical unit, or 
PU, types): PU 1 is the terminal node 
for “dumb” terminals; PU 2 is the stan¬ 
dard cluster controller (IBM 3174, 

3274, or equivalent); PU 2.1 is the low- 
entry node—typically a System/36 or 
System/38; PU 4 is the communications 
processor (IBM 3720/25); and PU 5 is 
the host computer (S/370 or other). 

Roughly speaking, the power and 
the complexity of a node increase with 
its type number (PU type 3 was never 
defined). The 9370 is a type 5 node, 
and it is viewed as a peer by all other 
S/370 host computers in the SNA net¬ 
work. Furthermore, the 9370 can act as 
a host to all other SNA node types. Ter¬ 
minals attached to the 9370 can use 
any application on any S/370 in the net¬ 
work, and terminals attached to other 
hosts can use any application on the 
9370. In SNA terminology, the 9370 is 
called an MSNF host (Multiple Systems 
Networking Facility). 

On a large S/370 processor, this is 
accomplished using a hierarchical ar¬ 
rangement involving several products. 
IBM 3270 terminals are connected by 
coaxial cable to a cluster controller 
(such as a 3174), which is connected 
using a data link (including modems, 
telephone lines, and so on) to a com¬ 
munications controller (3720 or 3725). 
Data links to other systems are attached 
to this controller. The communications 
controller can be programmed, so the 
customer must install IBM’s Network 
Control Program (NCP) software. It is 
connected to the S/370 by a block mul¬ 
tiplexer channel, using standard 370 
channel cables. The customer installs 
one of the IBM operating systems, MVS, 
VM, or VSE, and adds IBM’s Virtual Tel¬ 
ecommunications Access Method 
(VTAM), which provides a large part of 


the host-based SNA network services. 
Applications are executed under CMS, 
CICS, TSO, IMS, or equivalent software, 
which must be installed separately. 
These products also provide SNA ser¬ 
vices, mainly acting as an interface be¬ 
tween applications programs and the 
SNA network. This configuration is 
fairly complex, requires a high skill 
level to implement and maintain, and 
can be rather expensive. 

The 9370 not only offers all the 
features described above, but it makes 
them simpler, more economical, and 


easier to implement. First, it is possible 
to implement the configuration exactly 
in the same manner as described 
above, although that would be costly. 
An IBM 3725, for example, can support 
as many as 255 data links and costs 
more than $100,000. It is likely that a 
customer would attach only a few data 
links to a 9370, so installing a commu¬ 
nications processor that is more expen¬ 
sive than the CPU seems absurd. Thus, 
IBM offers a Telecommunications Sub¬ 
system Controller card, which provides 
most of the functions of the communi- 
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S electing DESQview, 
the environment of 
choice, can give you the 
productivity and power 
you crave, without the 
loss of your old pro¬ 
grams and hardware. 

If you like your existing 
programs, want to use 
them together, transfer 
data between them, 
print, sort, communi¬ 
cate with or process- 
in-background, yet still 
have the need to keep 
in place your favorite 
PC(8088, 8086, 80286 
or 80386), DESQview 
is the “proven true” 
multitasking, multi¬ 
windowing environ¬ 
ment for you. Best of all, DESQview 2.0 is here now, 
with all the money saving, time saving, and productiv¬ 
ity features that others can only promise for the all- 
too-distant future. 

And with DESQview’s new graphics enhancements 
for Hercules, CGA, EGA, and VGA, Version 2.0 still 
offers the same award winning and pioneering fea¬ 
tures for programs that earned DESQview its leader¬ 
ship, only now you can also run desktop publishing 
programs, CAD programs, even GEM-™ Topview-7 and 
Microsoft Windows-™ specific programs. In some cases 
you’ll add as little as 10-40K to your system overhead. 
Now you can have multi-tasking, multi-windowing, 
break the 640K habit too and still get an auto dialer, 
macros, menus for DOS and, for advanced users, a new 
complete application programmer’s interface capabil¬ 
ity. No wonder that over the years, and especially in 
recent months, DESQview, and now 
DESQview 2.0 have earned extrava¬ 
gant praise from some of the most 
respected magazines in the industry. 

''Product of the Year'* by readers 
vote in Info World. 

"Best PC Environment" by popu¬ 
lar vote at Comdex Fall in PC Tech 
Journal’s “System Builder” Contest. 

"—I wouldn't want to run an IBM 


One picture is worth a thousand promises. 


or compatible 
computer without 
DESQview"—Info- 
World, Michael Miller. 

"A colossus among 
windowing environ¬ 
ments". .. "will run 
almost anything"—?C> 
Week, Marvin Bryan. 

"Windows, prom¬ 
ises, hut DESQview 
delivers"-mGRO- 
TIMES, Birell Walsh. 

No other environ¬ 
ment has consistently 
pioneered features, open¬ 
ness, and productivity. 
See for yourself. Send in 
the coupon. The possi¬ 
bilities are endless with 
DESQview 2.0. 


Attention Programmers: For more information 
about Quarterdeck’s API, and future 386 program 
extensions, call us today. 
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recommended; for DESQview itself 0-145K • Expanded Memory (Optional): expanded 
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IBM Enhanced Graphics (EGA), IBM Personal System/2 Advanced Graphics (VGA) • 
Mouse (Optional): Mouse Systems, Microsoft and compatibles • Modem for Auto-Dialer 
(Optional): Hayes or Compatible • Operating System: PC-DOS 2.0-3.3; MS-DOS2.0-3.2 • 
Software: Most PC-DOS and MS-DOS application programs; programs specific to 
TopView 1.1, GEM 1.1 and Microsoft Windows 1.03 • Media: DESQview 2.0 is available 
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WORLD 


DESQview 2.0 


1 Rush me DESQvievi^ 2.0! Tbday! 

1 No. of Copies Media 31/S*/5V'4* Product 

Retail Price ea 

Tbtal 1 


DESQview 2.0 

$129.95 

$ 


1 Shipping* Handling USA 

1 Outside USA 

$ 5.00 
$ 10.00 

$ 

1 

1 Sales Thx (CA residents) 

6.5% 

$ 


1 Payment: DVisa DMC DAMEX □ Check 

Amount 

Enclosed 

$ 



Credit Card: Valid Since _ 
Card Number: | | | 

Credit Card Name_ 

Shipping Address_ 


Ebcpiration 


lephone— 


City_Stale_Zip_ 

I Mail to: Quarterdeck Office Systems, 150 Pico Boulevard, Santa Monica, CA 90405. . 

I NOTE: If you own DESQview call us for a sp^ial upgrade offer, or send in your DESQview I 
I registration card. AST Special Edition users included. I 



nsQ 


Quarterdeck 

Quarterdeck Office Systems • 150 Pico Boulevard, Santa Monica, CA 90405 • (213) 392-9851 


DESQview is a trademark of Quarterdeck Office Systems. AboveBoard is a trademark of Intel Corporation. Hayes is a trademark of Hayes Microcomputer Products Inc. IBM, PC, Personal System/2 and TopView are 
trademarks of International Business Machines Corporation. Microsoft Windows and MS are registered trademarks of Microsoft Corporation. Mouse Systems is a trademark of Metagraphics/Mouse Systems. RAMpage 
is a trademark of A^ Research, Inc. GEM is a trademark of Digital Research. Hercules is a trademark of Hercules. 
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cations controller at a small fraction of 
the cost. Nearly all communications 
links, both SNA and non-SNA, can be 
connected directly to the 9370, using 
one of the five types of communica¬ 
tions cards, but without a separate 
communications controller. 

The Workstation Subsystem Con¬ 
troller card is extremely useful. It 
attaches 3270 devices, including dis¬ 
plays, printers, graphic devices, intelli¬ 
gent workstations, and personal com¬ 
puters directly to the processor. These 
are viewed as “local” devices, which 
usually are connected by coaxial cables 
and are subject to distance limitations 
of about two kilometers. IBM 3299 ter¬ 
minal multiplexers (fan-out boxes) 
allow attachment of more devices and 
reduce the total amount of cable re¬ 
quired. The PC or PS/2 containing an 
IBM 3278/79 adapter card (or equiva¬ 
lent) and IBM’s 3270 Emulation Pro¬ 
gram or 3270 Workstation Program are 
easily attached. Other well-known prod¬ 
ucts, such as DCA’s Irma, will also 
work. The Workstation Subsystem is 
equivalent to a S/370 equipped with a 
local IBM 3174 or 3274 cluster control¬ 
ler, and allows 3270 terminal and 
printer emulation, virtual disk, virtual 
print, and virtual file access to main¬ 
frame files using Enhanced Connectivity 
Facilities (ECF). (For more details, see 
“Emerging 3270 Coherence,” Mary 
DeWolf, August 1987, p. 194.) 

The ASCII Subsystem Controller 
supports many common types of asyn¬ 
chronous terminals, making them ap¬ 
pear to the system as 3270 terminals. 
The UNIX terminal interface is sup¬ 
ported for IX/370. Terminals or PCs can 
be connected directly, or via modem 
using the RS-232 interface. After a ter¬ 
minal connects, the controller displays 
a menu that requires the user to spec¬ 
ify the type of asynchronous terminal 
being used. This product supports 
many popular terminals and printers 
including IBM 3101, 3161 through 
3164, 3812, DEC VTIOO and VT220, 
Epson FX-80 printers, and various 
ROLM, Tektronix, and TeleVideo prod¬ 
ucts. PC users can emulate any of 
these. Although asynchronous terminals 
are not considered SNA devices, they 
can communicate with any SNA applica¬ 
tion on the network, because the ASCII 
subsystem controller and VTAM effec¬ 
tively perform protocol conversion. 

The Telecommunications Subsys¬ 
tem Controller is extremely versatile in 
terms of communications protocols. 

SNA (SDLC), Binary Synchronous 
(bisynchronous), asynchronous, and 
X.25 (HDLC) protocols can be used. 


The communications processor pro¬ 
vides most of the functions of the IBM 
3725 on a single card. A telecommuni¬ 
cations subsystem consists of: 

• One communications processor (a 
maximum of twelve per CPU) 

• One to three communications adapt¬ 
ers (each with two or four lines) 

• Microcode for the subsystem 

• A communications network including 
various terminals. 

The 9370 can be configured as a host 
and communicate with all attached ter¬ 
minals and otlier hosts. It can act as a 


remote terminal to another host sys¬ 
tem. Each communications processor 
operates at a maximum aggregate data 
rate of 76 kilobits per second (Kbps). 
The microcode for the processor is 
included; NCP software is not required. 

IBM offers two types of communi¬ 
cations adapters: asynchronous and 
multiprotocol. The multiprotocol com¬ 
munications adapter implements all the 
protocols listed above, including asyn¬ 
chronous, at speeds up to 64 Kbps. 

Two data links can be connected using 
any of the usual physical interfaces, in- 


Speed 


Fast Execution Speed. 

Microsoft® C 4.0 Microsoft C 5.0 
Sieve (25 iterations) 5.7 3.3 

Loop 11.0 0.0* 

Float 19.9 0.1 

Dhrystone 22.8 19.1 

Pointer 14.2 7.4 

Nev^ optimizations generate the fastest code: 

—Inline code generation. NEW! 

—Loop optimizations: NEW! 

—Loop invariant expression removal. NEW! 
—Automatic register allocation of variables. NEW! 
—Elimination of common sub expressions. 

—Improved constant folding and value propagation. 

Fine tune your programs for even greater sp^: 

—Cbding techniques for writing the fastest possible 
programs are included in the documentation. NEW! 
—Segment Allocation Control: 

—Group functions into the same segment to get faster 
NEAR calls. NEW! 

—Specify which segments receive variables to yield 
faster NEAR references. NEW! 

—Uses register variable declarations. 

—Mbc memory models using NEAR, FAR G HUGE 
pointers. 


*Time is negligible. 
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Who’s got connections 
at /ir&T...Rolm...I>ttPont... 
and 39 of the other top 50 Fortune 500? 


USRobotics Courier modems 


The top Fortune 500 compa- i 

iiies know data cxMTimunications jf 

and look hard at their bottom / - m j 

line. What could persuade ^ | 

USRobotics Courier f--. 

modems? iKKKi 

Superior performance. ^SS 

At a to price. 

With our complete line of dial-up modems — from 
1200 bps to 17,400 bps-our customers get depend¬ 
able performance under exacting conditions. Plus the 
assurance of dealing with a manufacturer who has over 
10 years experience and has sold over half a million 
modems. 


1 ''t Ofcourse, ttseasytosp^d 

robustness, elegint technical 
design And a company committed to service, support 
and caring for its customers. 

Courier modems from USRobotics. Connect with us. 

Free Warranty Extension! Buy a Courier modem before 
December 31,1987 and receive a S-year warranty exten¬ 
sion FREE. A $50 value.* 


Call 1-800-DIAL-USR 

In Illinois (312) 982-5001 

ntiHobotics ~ 


The Intelligent Choice in Data Communications. 
8100 McCormick Blvd., Skokie, Illinois 60076. 


Total warranty including extension: 5 years. 
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eluding RS-232, V.24, V.35, RS-422, and 
X.21. Almost any type of remote IBM 
terminal or cluster controller can be 
connected to the multiprotocol adapter, 
including: 

• IBM 3274 or 3174R cluster controllers 

• PCs with SDLC adapter cards and SNA 
software programs 

• System/36, System/38, Series/1 acting 
as cluster controllers 

• IBM 3725 or 3270 systems, connected 
to the S/370 hosts 

• Other 9370 models 

• X.25 packet data networks. 

The asynchronous adapter connects 
four data links, each operating at up to 
19,200 bits per second. Unlike the 
ASCII subsystem controller, the asyn¬ 
chronous adapter does not perform 
protocol conversion, and terminals do 
not appear as 3270 devices. Typically, 
such devices are treated as teletypes. 

The 9370 is equipped for excellent 
connectivity to IBM SNA mainframe 
networks. The communications pro¬ 
cessor, plus a multiprotocol adapter, 
can provide a 64-Kbps pipeline from 
the 9370 to a big SNA network. The 
9370 is viewed as a network host, with 
the same stature as a large S/370 pro¬ 
cessor. This is adequate for many appli¬ 
cations, but if necessary, multiple inde¬ 
pendent 64-Kbps links can be imple¬ 
mented, using multiple communica¬ 
tions processors, subject to hardware 
and architectural limits. 

The telecommunications subsystem 
includes not only the latest SNA termi¬ 
nals, but many of IBM’s older 
bisynchronous terminals as well. For 
many years, the SNA software for VM 
had serious structural deficiencies. Con¬ 
sequently, many VM users avoided im¬ 
plementing SNA and continued using 
bisync. In the past two years, IBM re¬ 
solved the problem by delivering a 
workable SNA implementation for VM. 
Nevertheless, many bisynchronous and 
asynchronous terminals still are used 
with VM (and, to a lesser extent, MVS 
and VSE). Such terminals can be used 
on the 9370 in the same manner as 
they are used on the S/370 systems. 

The IBM Token-Ring Subsystem 
Controller connects the 9370 to the 
IBM Token-Ring LAN. This network 
conforms to the IEEE 802.5 standard, 
uses a token-passing access technique, 
and operates at 4 megabits per second 
(Mbps) over shielded twisted-pair cable 
or certain telephone wire. (For more 
information, see three articles by J. 

Scott Haugdahl, “Underlying Connec¬ 
tions,” December 1986, p. 126, “The 
Token-Ring Solution,” January 1987, 
p. 50, and “Token-Ring Network, Part 


2,” February 1987, p. 158.) The 9370 
acts like a S/370 mainframe on the net¬ 
work. It communicates across the token 
ring using SNA host-to-host (MSNF) 
protocols with S/370s or other 9370s 
(software will be available late 1988). 
PCs or PS/2s access applications on the 
9370 using SNA 3270 protocols. This 
requires tlte IBM PC 3270 Emulation 
Program, version 3.0, or the 3270 
Workstation Program, version 1.1 in the 
PC. Workstation Subsystem Controller 
features are available through the IBM 
Token-Ring LAN. 


3Com’s Ethernet is supported by 
the JBM IEEE 802.3 Subsystem Control¬ 
ler. IEEE 802.3 defines a LAN access 
technique that employs collision detec¬ 
tion, operating at 10 Mbps on coaxial 
cable. Transmission Control Protocol/ 
Internet Protocol (TCP/IP) is used for 
the upper layers of the interface. It al¬ 
lows virtual terminal access and file 
transfer between the 9370 and other 
systems that support the TCP/IP. A vir¬ 
tual terminal appears as an IBM 3270. 
The TCP/IP is used in certain U.S. gov¬ 
ernment installations, universities, and 


Speed. 


Fast Compilation. 

Fast Prototyping. 

Microsoft C Version 5.0 includes Quicker which 
lets you edit, compile, debug, and execute in an 
inte^ated environment It’s ideal for prototyping. 
•In-memoiy compilation at 10,000 lines/ 
minute. NEW! 

• Built-in editor with parentheses, bracket and 
brace matching. 

• Use the integrated debugger to animate through 
your program, add watch variables and set 
dynamic breakpoints. NEW! 

•MAKE file is automatically generated for you. 
Simply indicate the modules you want to use, 
then MAKE recompiles and links only those 
modules that have changed. NEW! 

•Full C 5.0 compatibility: 

—Completely source and object code compatible. 
—Emits CodeView®-supported executables. 
—Identical compile/link command line switches. 
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LAN REPORT 7 



System FbuItTolerant NetWatB' 

The Logical Evolution of LANs 



"In this competitive world,a difference 
of iust 10% can mean the distinction 
between pinstripe and primate." 


M any people don’t 
realize that 
chimpanzees and hu¬ 
mans share 90% of the 
same genes. A minor 
difference sometimes 
translates into major 
improvements. 

Industry analysts 
predict that the LAN 
market will quadruple 
by 1990. Networks will 
get larger and will take 
on more serious tasks. 

As companies invest 
more capital into these 
systems, they are 
going to look for ways 
of guaranteeing perfor¬ 
mance and data integ¬ 
rity; in an environment 
as competitive as today’s marketplace, 
even small mistakes can change the very 
nature of a business. 

Novell, Inc., manufacturer of the 
NetWare® operating system, has taken the 
first step in providing data protection for 
your company. Now you can create fault 
tolerant systems from affordable, off-the- 
shelf components. Novell’s System Fault 
Tolerant (SFT'“) NetWare, coupled with an 
uninterruptible power supply, can protect 
LANs from virtually all system failures. 

What It Does 

NetWare fault tolerance can be divided 
into two categories; software-based pro¬ 
tection and hardware-based protection. Be¬ 
cause Novell feels so strongly about the 
fundamental need for data protection, fault 
tolerance is included in all NetWare to 
some degree. Advanced NetWare 286 v2.1 
contains features ensuring that files can be 
read after they are written, and redundant 
copies of directories are routinely made. 

HOT FIX,'“ another standard fault toler¬ 
ance feature on the v2.1 release, detects 
disk media errors before data is sent to a 
flawed area. What might have been sent to a 
bad spot, then garbled, is saved to a 


designated “safe” spot by NetWare’s 
HOT FIX feature. 

SFT Level II fortifies system integrity 
further by adding hardware duplication. 
Level II backs up your system’s entire 
hardware channel with another identical 
channel. Thus, if a component, such as the 
hard disk, fails on the main channel, the re¬ 
serve automatically takes over operation. 
And no data is lost. 

Level II also automatically copies all data 
to both hard disks, so that data can be re¬ 
called from the backup in case of any kind of 
recall problem on the original disk. 

The ITS Option 

SFT NetWare Level II also offers, as an 
option, the Transaction Tracking Service. 
TTS acts as a vanguard to database integ¬ 
rity by guaranteeing that all transactions 
are completed before allowing the applica¬ 
tion to advance. 

For instance, if you are operating a 
database and the power goes out, bringing 
down your workstation, chances are you 
will get caught in the middle of a transac¬ 
tion. When you resume operation, you have 
to go back and find where you were, and 
hope that the database is still intact. 


Imagine how com¬ 
plex this gets when a 
network goes down: 
ten to twenty people 
are working on the 
same database, all at 
different stages, when 
it goes down. Trying to 
reconstruct all trans¬ 
actions within this data¬ 
base could take days. 
And your database 
could still be corrupt 
after all that work. 

TTS does not allow 
this to happen. If a trans¬ 
action is interrupted 
before completion, TTS 
brings the application 
back to the end of the 
last completed transac¬ 
tion, and begins the incomplete transaction 
over again. Nothing is ever left out. 

Natural Selection 

Offering such important benefits, it 
would seem that the SFT Level II operating 
system would be a natural selection for al¬ 
most any business. Of course, not everyone 
is going to agree. 

But there are others who appreciate how 
important an edge can be in this competitive 
world; they know that a difference of just 
10% can mean the distinction between 
pinstripe and primate. 

And these are the people who will ap¬ 
preciate SFT NetWare—they don’t need to 
hear bells and whistles to see the advantage 
their company gains from secure data and 
near non-stop processing. 

For literature and more information on 
Novell’s System Fault Tolerant NetWare, 
calll-800-LANKIND. 

For more informatioriy call from your 
modem 1-800-444-4472 (300-1200 baud, 

8 bit, no parity, 1 stop bit) and enter the 
access code NVLRSFT3 when prompted. 

N O V E L L. 


©Novell, Inc. World Headquarters, 122 East 1700 South, Provo, Utah 84601 (801) 379-5900 
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Other multiple vendor environments. It 
is available for the PC and in some 
implementations of UNIX. IEEE 802.3 
also is supported by the IBM RT PC 
and the Series/1. 

For very high speed connections 
from 9370s to S/370 systems, the block 
multiplexer channel card must be used. 
The card can be connected directly to 
an IBM 4381 CTCA, or via a IBM 3044 
channel extender (which allows a two- 
kilometer fiberoptic cable, at lower 
speed) to any other large S/370 pro¬ 
cessor. Unfortunately, two 9370s cannot 
be connected directly using this tech¬ 
nique, unless the connection is through 
an IBM 3088 Multisystem Channel 
Communication Unit. The CTCA oper¬ 
ates at 1.5MB per second, and can be 
used with a variety of system software 
including VTAM (SNA communications) 
and JES3. The block multiplexer chan¬ 
nel can be connected to the new IBM 
3737, which is connected to public or 
private T1 communications facilities 
(1.544 Mbps, or one-eighth the speed 
of a CTCA). It has no distance limita¬ 
tions. Operation of the 3737 is identical 
to a CTCA; the 3737 also can be used 
between two 9370s or from a 9370 to a 
large S/370. 

Given the 9370’s LAN connectivity 
and high-performance disk subsystems, 
will it perform well as a file server 
with PCs? No. The product’s LAN con¬ 
nectivity is designed primarily to pro¬ 
mote 3270-style terminal connections 
and low-speed file transfer. Tlie virtual 
disk concept mentioned above seems 
attractive, but it operates at a speed 
that makes diskette drives look fast. 
Furthermore, data must pass through 
many layers of S/370 software architec¬ 
ture, including a general purpose oper¬ 
ating system, disk access methods, 

VTAM communications software, and 
applications subsystems such as CMS, 
TSO, or CICS, which do not exist in a 
dedicated file server. Despite the high 
overhead, file sharing with PCs is easy 
to do and useful for many applications. 
Just don’t expect it to be fast. 

FUTURE DIRECTIONS 

In the next few years, there is no ques¬ 
tion that the 9370 will be enhanced in 
a variety of ways. While it is virtually 
impossible to predict accurately IBM’s 
future moves, it is, nevertlieless, inter¬ 
esting to speculate. 

Two key areas of S/370 architec¬ 
ture are missing from the 9370: 
multiprocessing and XA. In the 4300 
product line, IBM originally announced 
uniprocessor systems, and later offered 
multiprocessors at the top of the prod¬ 


uct line. Multiprocessing has been part 
of the S/370 sales pitch since the 1970s, 
and it is common in smaller IBM com¬ 
puter lines, including the System/36. A 
possible future development is a 
multiprocessor version of the Model 
90. Then the 16MB memory limit of 
S/370 architecture will become a major 
performance bottleneck. (Incidentally, 
this may already be a problem with the 
Model 90, especially when running 
MVS). One solution is to implement 
extended architecture on the 9370, at 
least on the top models, which will 


allow up to 2GB of memory. Eventu¬ 
ally, IBM will want to phase out pre-XA 
architecture and drop support of the 
associated operating systems. 

Another missing piece is the S/370 
computer on the destoop. Yes, the PC/ 
AT-370 is around, but the PC/AT part is 
now dead. Regardless, the AT-370 was 
not really a serious product, but an in¬ 
teresting idea. It would be attractive to 
have a computer network that supports 
S/370 architecture from top to bottom. 
For years rumors have circulated that 
IBM has a 370 on a chip. IBM has ' 


And speed 


Fast Debugging. 

Microsoft C Version 5.0 includes Microsoft CodeView, 
our source-level windowing debugger that lets you debug 
more quickly and thoroughly than ever before. 

• Debug larger programs: 

—Debug through overlays created by the 
Microsoft overlay linker. NEW! 

—Expanded Memory Specification (EMS) 
support. NEW! 

• Fast debugging through precise control of your 
program execution: 

—Access source level and symbobc debug information 
fi'om your Microsoft C, FORTRAN, and Macro 
Asseinbler programs. NEW! 

—View your source code and assembly simultaneously. 
—Watch the value of variables change as you execute. 
—Set conditional breakpoints. 

—Animate or single step through your program. 

• CodeView brings you as close as you’ve ever been 
to your hardware: 

—Swap between your code and output screens. 
—Watch your registers and flags change as your ^ 
program executes. 

/Ml benchmarks run on an IB.M® I^rsonal System/2."' 



For your fi-ee C 5.0 information packet, call: " 

( 800 ) 426 - 9400 . 

In Washington State and Alaska, (206) 882-8088. In Canada (416) 673-7638. 
Microsoft, the Microsoft logo and CodeView are registered trademarks and QuickC 
is a trademark of Microsoft Corporation. IBM is a rostered trademark and 
Personal System/2 is a trademark of International Business Machines Corporation. 
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Introducing the VGA card that’ll knock your socks off. 


It’s VEGA VGA™ just what you’d 
expect from the company that brought 
you the award-winning ^GA Deluxe. 

This short card gives you VGA com¬ 
patibility without having to buy a new 
IBM PS/2 machine. 

And at the same time, it gives 
you capabilities that even IBM 
can’t match. 

To begin with, VEGA VGA 
provides a graphic resolution 
of 640 X 480. And gives you 
16 spectacular on-screen 
colors from a palette of 64, with a vari¬ 
able frequency monitor. 

Or if you’re using an analog monitor, 
you can select 256 simultaneous colors 
with 320 X 200 resolution from a palette 
of262,144 or 16 colors with a resolution 
of 640 X 480. 


But this isn’t just a BIOS level VGA 
card. VEGA VGA offers complete soft¬ 
ware compatibility for all VGA programs. 
And that’s not all. 

VEGA VGA is backwards compatible, 
working with your favorite software 
programs for EGA, CGA, MDA 
and Hercules. Guaranteed. 

And due to our innovative 
design, VEGA VGA supports 
both analog and digital moni¬ 
tors. Which means it will 
work with the monitor you’re 
currently using. 

And it works up to 400% fester than 
an EGA card. 

VEGA VGA also incorporates sur- 
fece mount technology with our custom 
IC chips-for less heat, more reliability 
and durability. 


VEGA VGA provides drivers for an 
additional high resolution of 800 x 600. 

And finally, VEGA VGA is the only 
card that comes with a full three year 
warranty. 

All this for a fraction of the price 
of a new IBM PS/2. Plus a new pair 
of socks. 

For more information, visit your 
nearest Video Seven dealer. 

Video Seven Inc., 46335 Landing 
Parkway, FVemont, CA 94538.1-800- 
238-0101 (in California, 1-800-962- 
5700.) 

VIDEC^^EVEN 

make a clear difference 



The fnllowijigare re^usiered at\d unregistered trademarks of the companies listediVIdeoSeven.VEGA VGA, VEGA Del iL\e, Video Seven Inc.; IBM. PS/2, International Business Machines Corporation; Hercules, Hercules 
Coinjiuter Technok)g>-. Inc.; .Analog monitor needed to support 262.144 palette and 256 colors. Variable frequency monitor required for greater than 640 .x .350 resolution. See Software Compatibility Guarantee for full 
details. \’ideo Seven reserves the riglit to change specifications without notice. 

CIRCLE NO. 204 ON READER SERVICE CARD 





THE 9370 ATTRACTION 


Stated that development work on the 
VM/PC operating system continues. 

What about hardware? Silence. 

Considering its current collection 
of operating systems, IBM made the 
right choice by promoting VM as the 
primary operating system for the 9370. 
VM has excellent time-sharing facilities, 
but poor batch processing and no 
transaction processing. To effect trans¬ 
action processing, a customer must in¬ 
stall CICS under VSE or MVS running 
as a guest operating system under VM. 
VM/IS was not designed to handle this 
requirement easily. What is needed is a 
standard transaction-processing envi¬ 
ronment for VM that is compatible with 
CICS. IBM will likely continue to im¬ 
prove the batch- and transaction-pro¬ 
cessing support of VM, so that fewer 
customers will need to run VSE or MVS 
as a VM guest operating system. 

Though the networking facilities of 
the 9370 are easier to implement than 
other S/370 systems, much room is left 
for improvement, and the competition, 
especially DEC, is far ahead. IBM will 
need to provide a better way of pack¬ 
aging and delivering network software, 
and must reduce the layers of overhead 
in communications system software. 
Currently, this makes it impractical to 
use the 9370 as a high-performance file 
server. IBM apparendy was surprised 
that customers intended to use the 
9370 as a host node in hierarchical 
SNA networks—the company assumed 
that the 9370 would be used in a 
peer-to-peer environment similar to 
System/36 and System/38. IBM will 
make SNA network implementation 
much simpler and more automatic. 
Support for the Token-Ring LAN will be 
extended to support a wider range of 
SNA protocols, and will allow efficient 
sharing of both mainframe files and 
databases with other machines. This 
sharing also will allow much better in¬ 
tegration of PCs and PS/2s. 

The fact that IBM included stan¬ 
dard interfaces in the 9370, such as 
Ethernet, TCP/IP, and asynchronous ter¬ 
minals, indicates that the company has 
become more responsive to customer 
connectivity requirements. Other ven¬ 
dors offer for better integration with 
their competitors’ network architec¬ 
tures. It seems likely that IBM will im¬ 
prove its integration with non-IBM net¬ 
works, both by aggressively implement¬ 
ing official standards, and providing 
gateways to other popular architectures. 

The initial announcement of the 
9370 represents an important step for¬ 
ward from the previous generation of 
mid-sized S/370 computers. Although it 


has a few obvious faults, the 9370 is a 
very sound product that meets many 
specific customer requirements. The 
new product will be a valuable tool for 
implementing a multilevel computer 
network in a wide variety of organiza¬ 
tions. The 9370 provides excellent, 
high-performance interfaces to S/370 
systems. The 9370 also offers many 
approaches for PC integration, but 
none represents the ultimate. The pri¬ 
mary function available through a PC 
connection, whether it is via coaxial 
cable, modem, or network, is 3270-style 


terminal emulation and low-speed file 
transfer. Much room has been left for 
improvement in its systems software 
and networking capabilities, and such 
improvements are very likely to be 
forthcoming. There should be little 
doubt that the 9370 will be successful, 
both financially and technically. 


Dennis Linnell is president of Gate Tech¬ 
nologies, Inc., a consulting and software 
development firm in McLean, Virginia. 
He specializes in the area of IBM 
tems architecture. 


And here’s 




• v/« 


Just visit any Egghead store. 
There’s more than 70 nationwide. 

And each one has C5.0 in stock, at a 
discount price. 

Or, just give us a call on our toll- 
free number. We’ll send you C5.0 by 
mail. Within 72 hours. 

It’s the fastest way we know to get 
a great deal on a very fast compiler. 

CaU 1-800EGGHEAD 
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Ashton-Tate has sold 

over a million copies of dBASE. 

A lot are still as good as new; 


leople buy dBASE for a lot of different 
reasons. But those who give it up probably 
have just one-it’s too diffioult. 

So they end up not using a database 
manager at ail. And they’re still buried by 
all the work a database manager would 
help reduce. 

If you’re one of those people, we have 
good news for you. 

Hie copy of dBASE you could never figure out 
howto use is nowwortih $100 to you. 


For a limited time, your copy of dBASE can 
get you a $100 refund on DataEase,™ the 
database manager PC Magazine called 
“the product of choice if you are lookirig for 
access to power-without becoming a 
master programmer" 

You’ll notice the difference immediately 
Because you’ll start using DataBase 
immediately There’s no programming. 
Menus and prompts help you set up your 
forms, files and reports while DataBase 
does all the programming for you. 

Experienced users can build complex 
applications much quicker with DataBase. 
The automatic programming features 
a ong with a powerful relational query 


language make it easy 
With DataBase you can create applica¬ 
tions that bring together text, graphics and 
data from a variety of sources. Right in the 
comfort of your own PC. 

So if you’ve given up on struggling 
through dBASE, $100 is just another rea¬ 
son to switch to DataBase. 

DataBase. Because the PC is supposed 
to make your life easier 
For more information about the DataBase 
rebate and the name of the DataBase 
dealer nearest you, call 1-800-334-EA5E. 

In Connecticut, 203-374-8000. 


DataBase International, Inc. pctchjrnlu/sTI 
I Seven Cambridge Drive, Trumbull, CT 06611 I 

I 1-800-334-EA5E | 

I □ Please send me more information about I 

□ DataEase DLAN □ Connect 

I nGralTalk □ Developer □ Rebate | 

I □ Please send a free DataEase demonstration disk. i 

* □ Please have a DataEase representative call. * 

I Name_Title _ I 


Company_Phone_ 

Address_ 

City_State_Zip. 


I 




NaofPCsonsite DMO DII-SO DSI-i- 
□ IBMPC/XT/AT □ IBM COMPATIBLES DWANG DDEC □OTHER 


J 


Software Solutions, Inc. is now DataEase International, Inc. 




What it does is hard 
Ifcw it does it is easy. 


Canada (416) 231-1270 • United Kingdom 01-554-0582 • Italy 2-836-0097 • Benelux 73-414855 (Holland) • Scandinavia 71-46166 (Norway) 

Switzerland 42-415656 • West Germany/Austria 2174-5015 • Australia 02 327 8162 • Brazil 11-881-0600 


Refund applies to purchases after 10/15/87 One refund per customer New USA orders only. No dealers permitted. Offer good through 12/31/87 Restrictions apply. For complete details call DataEase International. ©1987 DataEase International. Inc 

dBASE is a trademark of Ashton-Tate ‘Source: International Data Corporation. . 
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DAVE BROWNING 


dBASE user interface 
screens can be 
generated using The 
UI Programmerfi''om 
WaUSoft Systems, Inc., 
which applies fourth- 
generation language 
techniques to help 
automate 
programming. 





he ubiquitous (Jbase from 
Ashton-Tate maintains its popular¬ 
ity as the leading language for 
database application development in 
the IBM PC environment in spite of 
shortcomings. Granted, the dBASE lan¬ 
guage contains command primitives 
that allow the programmer to create 
applications combining user-interface 
screens, multifile transaction pro¬ 
cessing, and predefined queries and 
reports; nevertheless, it is a laborious 
process to design, code, debug, and 
test most of these programs. 

Besides lacking fully relational data 
management with a standard quer\^ lan¬ 
guage (SQL) interface, the dii/VSE lan¬ 
guage lacks functional power in three 
areas: user interface, report generation, 
and automated multifile manipulation. 
The UI Programmer from WallSoft Sys¬ 
tems, Inc., addresses the first of these 
deficiencies, the user interface. It can 
be used with diSASE iii and cIbase hi plus, 
as well as with three popular dBASE dia¬ 
lects: Nantucket Corporation s Clipper, 
Fox Softw'are, Inc.’s Foxbase-p, and 
WordTech System’s Quicksilver. (For a 
review of these three dBASE dialects, 
see “Dialects of dBASE,’’ Ted Mirecki, 
April 1987, p. 46.) 

The UI Programmer brings fourth- 
generation language techniques to ap¬ 
plications development in the dBASE 
data-management programming lan¬ 
guage. It helps implement automatic 


programming of user-interface screens 
and streamlines application coding. The 
UI Programmer mainly addresses pro¬ 
cesses that involve communication with 
the application end-user via the screen, 
but it also can be used to create code¬ 
generation tools for special-purpose 
repetitive operations. 

The UI Programmer performs 
these functions by generating code; it 
accepts parameters from the user and 
creates dBASE program files. The pri- 
mar\' characteristics that set UI apart 
from other code generators are that 
developers can write their own tem¬ 
plates in addition to using those pro¬ 
vided by the generator, can directly 
modify (using template language com¬ 
mands) the code that has already been 
generated and then generate a new 
program file using the old program as 
a template, and can specify code-gener¬ 
ation parameters visually in terms of 
objects and object attributes on the 
computer screen. UI provides a tool 
with which the serious dBASE program¬ 
mer can create a bag of tricks specific 
to his usual style of application devel¬ 
opment. It is also a code generator 
“engine’’ that less experienced dBASE 
programmers can use in combination 
with templates developed by others. 

Even^ Ul-generated program has to 
have a template as a model. A UI tem¬ 
plate file contains dBASE code and spe¬ 
cial text labels that are UI commands. 
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The UI generation program integrates the text and UI commands from the template with the objects, attributes, and UI param¬ 
eters selected by the user and any interactive directions input by the user in response to UI query statements in the template. 


When UI encounters a label, it gener¬ 
ates appropriate code. In contrast to 
other code generators, the UI template 
is not stored in code internal to the 
generator, but in template files. The 
user can modify the template files di¬ 
rectly in order to customize a particu¬ 
lar application. The code generation 
process is shown in figure 1. 

To operate UI, die user paints a 
screen with objects such as boxes, 
dBASE file fields, memory variables, and 
text; specifies attributes such as field 
picture clauses, colors, and menu op¬ 
tion definitions; and selects an appro¬ 
priate template file. UI dien generates 
the output program file. 

UI is not an intuitive program, nor 
is it easy to learn in depth. The opera¬ 
tional relationships between the various 
components of the generation process 
are powerful and complex, and they 
must be fully understood in order to 
exploit their potential. When program¬ 
ming a template file, the programmer 
must be able to visualize the generated 
code as well as the impact of changes 
in screen parameters at generation 
time. UI calls some of its code-generat¬ 
ing commands supermacros in an at¬ 
tempt to relate them to dBASE language 
macro commands. Programming with 
these supermacros in conjunction widi 
screen image objects and their attri¬ 
butes is at least one complex level of 
abstraction above programming with 
macros in the native dBASE language. 


The full power of The UI Programmer 
will be available only to experienced 
dBASE programmers who make the 
commitment to thoroughly learn the 
intricacies of the program. For many 
application development programmers, 
the effort will be worthwhile. 

PACKAGE AND WARRANTY 

WallSoft distributes The UI Programmer 
on three diskettes with an 800-page 
manual in a standard-size, three-ring 
binder with slipcover box. The docu¬ 
mentation specifically refers to the in¬ 
teractive tutorial provided on diskette 
and does not include any additional 
teaching material. The template files 
are documented internally within the 
template code with comments. 

The program, which requires 
300KB of available memory, will exe¬ 
cute from a subdirectory as long as it 
is included in the DOS path. The DOS 
shell may be run from UI by pressing 
the Alt-X key combination. 

UI is not copy protected, but it 
will not execute until it has been in¬ 
stalled; installation brands UI.EXE with 
the user s name and erases the installa¬ 
tion program. Registration entitles the 
owner to unlimited toll-free support, 
low-cost (often free) upgrades and 
bug-fix diskettes, and a warranty. 

The warranty is one of the best in 
the business; WallSoft was. one of the 
first companies to warrant software 
products to work as advertised (to your 


satisfaction in the first month after pur¬ 
chase) and to agree to fix bugs (found 
in the first six months) or reftind the 
entire purchase price. 

MENU OPTIONS 

UI uses function keys FI through FIO 
to call a series of pull-down menus that 
manage the creation of screen images, 
set parameters, and select template 
files. The menu names are displayed 
across the top of the screen in a bar, 
which may be turned off when the full 
25 rows of the screen are needed. 
Pressing a function key will display the 
corresponding pull-down menu. For 
most of the operations, holding the Alt 
key while pressing the function key 
will display an abbreviated menu of the 
first characters of the menu choices 
instead of the, full display of the pull¬ 
down menu. See table 1 for a list of 
the definitions of function keys. 

The pull-down menus operate in a 
manner similar to many programs, 
such as Ashton-Tate’s Framework II, 
except that the most recent menu op¬ 
eration is not retained in memory. To 
execute a UI operation such as box 
move, the operator must press the ap¬ 
propriate function key (or Alt plus the 
function key), and then press the first 
letter of the desired selection. To 
reexecute the most recently used UI 
command, the same keystroke se¬ 
quence must be performed. When de¬ 
signing a screen in UI, many operations 
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and operation sequences are used re¬ 
peatedly, and an “execute-most-recent- 
menu-selection” key would be useful. 

TEMPTING TEMPLATES 

The implementation of the template 
file concept is the most significant fea¬ 
ture of The UI Programmer. A template 
file captures a generalized program al¬ 
gorithm, and the generated program is 
an instantiation of the algorithm as 
modified by tlie generation-time param¬ 
eters specified by the screen design. 
Template files may be used repeatedly 
to generate programs that fit the tem¬ 
plate algorithm, but each generated 
program is unique to the application 
specified by the screen. For example, 
the menu template provided with UI 
captures a bounce-bar menu algorithm, 
but a program generated from the tem¬ 
plate will implement the algoritlim for 
specific menu options, option place¬ 
ment, text, colors, and option actions 
stipulated by the programmer on the 
UI screen at generation time. 

The significance of templates is 
that developers can capture common 
algorithms in template files and use 
them over and over without modifica¬ 
tion, tailoring the generated output by 
specifying elements on the screen. The 
relationship of transistors to integrated 
circuits (ICs) is somewhat analagous to 
the relationship of dBASE language com¬ 
mands to the UI template. The IC be¬ 
comes the building block of hardware 
systems, and tlie templates produce the 
building blocks of software systems. A 
library of templates for menus, file 
views, data validation file look-ups, 
single-file add/change/delete programs, 
and so on, permits the developer to 
design applications in terms of mod¬ 
ules, rather than in terms of program 
definitions and coding techniques. For 
example, a good menu template will 
allow the developer to create a menu 
program in minutes and to modify it 
just as fast, if necessary. With the mun¬ 
dane task of menu production out of 
the way, the developer can concentrate 
on the more important design aspects 
of the system. 

Template files are plain ASCII text 
files, typically in dBASE program file for¬ 
mat, and may be modified by any stan¬ 
dard ASCII text editor. The UI Pro¬ 
grammer package contains several tem¬ 
plate files that serve as a beginning set 
of templates and as examples of tem¬ 
plate language techniques. Table 2 lists 
these template file names. 

The logic of the generated pro¬ 
gram is contained in the UI template 
file, as specified by the template pro- 


TABLE 1 ; Function Key Definitions 


KEY 

DEFINITION 

Fl:Help 

Calls text file of generalized help, which can be paged 
tlirough with the up and down arrow keys. This file is an 

ASCII file, UI.HLP, which also contains text for context- 
sensitive help available within other menus via FI. 

F2:Files 

F3:Editing 

Displays options to load, import, export, and save screen files. 
Provides options to move, copy, and erase areas, join line 
junctions, and center text; lists key combinations for 
drawing lines with cursor keys. 

F4:Fields 

Offers options to select working dBASE .dbf file, display 
fields on screen, create new fields, modify field definitions 
and attributes, and order fields for read sequencing. 

F5-.Boxes 
F6:Options 

F7:Colors 

F8-.Generation 
F9:Setup 

Provides selections to create, move, and edit boxes on screen. 
Permits option attributes to be attached to boxes on screen 
for generating dBASE menu programs. One choice simulates 
menu execution, showing selected and unselected boxes in 
turn as cursor or trigger keys are pressed. 

Provides selections to set color for screen background, fields, 
boxes, and menu options. A pop-up menu of foreground/ 
background colors is used to select desired setting. 

Presents list of template files available for code generation. 
Permits setting of UI parameters, including possible use of 
Memory Resident Display program and keyboard macro 
assignments. 

F10:Movies 

Controls recording and playback of keystroke sequences to 
create “hands off’ scripts within UI. The UI tutorial is 
based on “movie” scripts created with these options. The 
primaiy use of “movies” would seem to be the demonstration 
of UI techniques in a teaching environment. 


The UI Programmer makes extensive use of function keys to display pull-down 
menus from which the user selects the objects and attributes needed to design a 
screen or menu. Function key selections appear on the top line of the screen. 


grammer. This is different from many 
code and application generators where 
the generated program logic is not 
available to the developer for modifica¬ 
tion. Most UI template files are stan¬ 
dard dBASE program files where blocks 
of code of a specific nature are re¬ 
placed by UI directives to generalize 
the program into a template. 

VARIATIONS ON A TEMPLATE 

UI template commands (labels) come 
in three varieties: supermacros, prede¬ 
fined characteristic labels (PCLs), and 
UI directives. Supermacros and PCLs 
are delimited by {} to distinguish them 
from other text in the template. UI di¬ 
rectives are delimited by <<>> sym¬ 
bols. It is not clear why two different 
delimiter sets are required. 

Supermacros represent pieces of 
code that UI will place in the gener¬ 
ated program when the label is en¬ 
countered in the template. Supermacro 
labels come in five categories: {display 
. . . }, {pop . . . }/{unpop . . . }, {get 
. . . }, {say . . . }, and {initialize . . . }. 
Each category contains specific labels 
such as {display text}, {pop all boxes}, 
{unpop box}, {get all fields}, {say all 


variables}, or {initialize all dbfs}. For 
example, the {display text} label would 
generate code to display the screen 
text. The code generated could be a 
series of dBASE @ . . . SAY statements, 
or it might be a call to the memory- 
resident display screen-image manager 
(MRD.EXE) provided with UI. A {get all 
fields} supermacro label would expand 
into a series of @ . . . GET statements. 
All the developer has to do is paint the 
screen by typing text (and selecting 
and positioning fields and boxes), 
press the F8:Generate key, and select a 
template; UI will place the correct GET 
code into the generated {Program. In 
addition to the individual labels within 
each category, an “in-box” clause may 
be applied, where appropriate, to re¬ 
strict the scope of the label, as in {get 
all variables in box}. 

PCLs allow the template program 
to access specific attributes of objects 
on the screen at generation time, such 
as number of boxes, field row, and col¬ 
umn. The PCL value is substituted in 
the generated code where encoun¬ 
tered. For example, a template pro¬ 
gram could include the statement @ 
{memvar row}, {memvar column}, SAY 
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TABLE 2: Templates Provided with IJI Prof>rammer 


TEMPLATES 

DESCRIPTION 

APPLICATION: 

AP_BASIC 

AP_BDB3 

AP__BROWS 

AP_BWHLP 

Basic database application: add/edit/delete with bounce-bar menu. 
dBASE III version of AP_BASIC. 

3 Plus add/edit/delete with field-sensitive help. 

AP__BASIC plus pop-up help (from box on screen). 

DO PROGRAM: 

DO_APPND 

DO_ENTER 

DO_SCRLW 

DO_SRCH 

Append program: creates and uses memvar dupes of screen fields. 
Plain entry screen: .PRG with DBF setup and vars initialization. 
Scrolling file-lookup window. 

Record search from screen fields. 

MENU: 

MN_BBAR 

MN__BBPOP 

MN__BBSUB 

MN_YRCH 

Bounce-bar (light-bar) menu: horizontal or vertical. 

Pop-up bounce-bar menu: menu options in a box. 

Submenu template (does not redisplay screen after calls). 
Your-choice menu (that is, “Your choice: _”). 

CODE PIECES: 

PC_CLIPH 

PC_EZPRC 

PC„FMT 

PC_POPH 

Clipper “help” pop-ups hooked to all vars on screen. 

Basic entry procedures: edit, append, GOTOs, etc. 

FMT file: display text, display vars, input vars. 

Pop-up help program for selected box. 

TOOLKIT: 

TL_NUDBF 

TL_QEXP 

TL_UTIL 

Generates PRG to create new DBF from all fields on screen. 

Build query expression from memvar input. 

Useful template bits. 


The nineteen template files provided by UI Programmer for design of basic 
screens and menus are listed when the F8 function key is depressed. The user 
may select one of these or may write his own template and add it to the list. 


{memvar name}, which would generate 
a line of code such as @ 10, 20 SAY 
MLASTNAME. PCLs consist of seven cat¬ 
egories: {number of. . . }, {box . . . }, 
{option . . . }, {field . . . }, {memvar 
. . . }, {dbf. . . }, and a miscellaneous 
category. As with supermacros, a num¬ 
ber of specific PCLs are available within 
each PCL category, such as: {number of 
dbfis}, {box height}, {field name}, 
{memvar type}, or {dbf alias}. The mis¬ 
cellaneous category contains PCLs for 
{file}, {date}, {time}, {string}, {count}, 
and {screen color}. The {file} PCL re¬ 
fers to the name (excluding the exten¬ 
sion) of the file being generated, {date} 
and {time} refer to the computer sys¬ 
tem date and time at generation time, 
and {screen color} refers to the color 
of the screen. The {string} and {count} 
PCLs work in conjunction with UI di¬ 
rective labels. The “in-box” clause may 
be used in several of the PCLs where 
they are appropriate. 

FOLLOWING DIRECTIONS 

UI directives commands, delimited by 
<<...>>, control the generation 
process by telling UI what to do rather 
than actually generating specific code. 
The four categories of directives are: 


<<for all . . . > >, <<ask-for 
. . . >>, <<if... > >, and miscella¬ 
neous. As with supermacros and PCLs, 
several specific directives exist within 
each category, such as <<ask-for 
box > >, <<for all boxes > >, < <if 
Clipper > >, and the two miscellane¬ 
ous directives, <<title . . . > > and 
<<* . . . > > (or <<note . . . > >). 
The <<for all . . . > > directive. This 
directive provides generation time 
loops that execute once for each item 
within the scope of the directive. For 
example, the <<for all fields > > . . . 
<<endfor > > directive iterates once 
for each field present on the screen. 
Any text, PCL values, and supermacro 
expansion-generated code within the 
loop will be repeated once for each 
field on the screen. The {count} PCL is 
a numeric counter tliat increments 
once for each loop iteration; its value 
may be incorporated in the output 
code, but this value cannot be set, 
tested, or modified within the <<for 
all . . . > > loop at generation time. 

By the way, the <<for all . . . > > 
loops may not be nested. 

The <<ask-for directive > >. This di¬ 
rective allows the template code to 
request values from the user during 


the code generation process. The user 
may be requested to point to a box or 
memory variable on the screen with 
the cursor, to enter a string, or to an¬ 
swer yes/no. The value identified by 
the user may be stored in a UI variable 
and tested or used subsequently within 
the template. For example, 

<<ask-for box message “Which box is the 
help box?” =helpbox > > 

pauses the generation process, requests 
the user to indicate a specific box with 
the cursor, and saves the internal 
pointer to the specified box in the UI 
variable helpbox. Subsequent UI com¬ 
mands may make use of tlie UI varia¬ 
ble, as in {pop helpbox} or <<for all 
memvars in helpbox > >. Up to 32 UI 
variables may be set with the <<ask- 
for . . . > > directive. No provision 
exists to set or manipulate UI variables 
within the templates other than to re¬ 
quest them from the operator and to 
test or use their values once set. 

The <<if . . . > > directive. This di¬ 
rective can examine parameters, as in 
< <if Clipper > > or <<if 
MRD > > ; detect the presence of ob¬ 
jects on the screen, as in <<if 
fields > >; or test the value of a UI 
logical variable set by the <<ask-for 
y/n > > directive, as in 

<<ask-for y/n = isindex > > <<if 
isindex > > 

Code, text, and UI commands that ap¬ 
pear between the directive pair <<if 
. . . > >/<<endif > > will be option¬ 
ally executed or skipped over. An 
<<else > > clause was later incor¬ 
porated into the <<if ... > >/ 
<<endif > > directive after die man¬ 
ual was printed; it is documented in a 
NEWSTUFF.DOC file. In addition, «if 
. . . > > directives may not be nested. 
The <<title . . . > > directive. This 
directive is used as a file description by 
UI. When the user selects the 
F8:Generate menu, UI reads all tem¬ 
plate files (with the file extension 
.TEM) within the designated subdirec¬ 
tory and uses the << title . . . > > 
directive to prepare a menu of tem¬ 
plates for selection. The <<*... > > 
and <<note . . . > > directives per¬ 
mit comments and documentation to 
be incorporated in template files. 

These comments will not pass through 
to the generated output file. 

DESIGNING THE SCREEN 

The UI screen-editing tools are power¬ 
ful and easy to use. Pull-down menus 
allow the user to create overlapping 
boxes, draw with graphics characters. 
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800 MB (PC-800) 
$2995* 


160MB (Ar-160) j 

$ 1995 * With DOS, Novell md 
Xenix™ 

What’s more, they’re 

drives and our own 
industry standard 
SpeedStor integration software. 

And with these prices, you really 
/ can’t afford to let low-capacity 
/ storage limit either your system 
’ or your application. 

So don’t build a system that ain’t 
as much as it could be; call us 
today. 408/395-2688. 


. . , 120 MB (AT120) 

Not anymore, it am t. $ 1795 * 
After all, when _ . ; -^ 

you’re putting together 

120 MB of storage may 

not be anywhere near enough. 

So now you can get that much 
storage and more. From our family of 
SpeedStor™ TOMB to 320MB hard 
disk subsystems and 800MB optical ^ 
subsystems. i 

They’re engineered for easy 
installation and full compatibility 


A M^^or Company 


Distributed by Anthem/Lionex Electronics, Future Electronics, Pioneer Standard Electronics, Quality Components and Storex. 
*VAR pricing, corporate accounts welcome. SpeedStor is a trademark of Storage Dimensions. 

Other names indicated by TM are tradenames of their respective manufacturers. © 1987, Storage Dimensions. 
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PHOTO 1: Designing a Data Entty Screen 



The dBASE file, PEOPLE.DBF, is being used to design a 
screen for data entry. The F2 function key is used to select 
the file for data entry, F4 to select the fields, F5 to draw 
boxes, and F3 to edit the screen design. 



A sample menu is being designed to allow the end user to 
make a choice by moving a bounce bar. Portions of the 
template and generated code that will be used to display 
this menu are illustrated in figure 2. 


Open dBASE data files and select fields 
from them, and set colors for various 
screen objects. Except for text, all ele¬ 
ments to be placed on a screen are se¬ 
lected by single keystrokes. For exam¬ 
ple, to design a screen for data entry, 
the user types in text prompts; the file, 
fields, and boxes are obtained by 
pressing the appropriate function key 


NOW... 

- Connect multiple PCs through multiport hubs 

- Up to 100 nodes using multiple hubs 

- Employ one PC as a hub 

> Join a single PC to a StarLAN network 

- Install in about the time it takes to put in an 
internal modem 

- Total tech support 

- Complies with IEEE 802.3 1BASE5 
■ Low cost!!! 

WHICH STARLAN LEVEL 
DO YOU NEED? 

- SGL1503'“ — PC Adapter Board, low cost way 
to integrate PCs into StarLAN network. 


and making selections from pull-down 
and pop-up boxes. 

A box bordered by a single line, 
double line, or no border at all is cre¬ 
ated by pointing to the desired upper- 
left corner, selecting the box command 
from a menu, and moving the cursor 
to the desired lower-right corner. A 
box may be moved in three dimen- 


■ SGL2503'“— PC Adapter Board with Integrated 
Hub. to serve as a hub in a network of up to 11 
stations. 

- SGL3500 " — Ten-Port StarLAN hub. to network 
PCs or other hubs, over distances of 800 feet. 

- ViaNet" — Operating System to manage your 
network, or the industry standard Novell 
Netware'". 

CALL: 1-800-STAR GATE. 



sions (horizontal, vertical, and depth) 
to provide overlapping windows within 
the generated application. Box size may 
be adjusted with the cursor using an¬ 
other box edit command, and box col¬ 
ors are set separately for border and 
contents by interactive selection from a 
pop-up menu. As many as forty boxes 
may be defined on a single screen. 

Single and double lines may be 
drawn with the cursor keys, and if in¬ 
structed, UI will join the horizontal- 
and vertical-line segments at the cor¬ 
ners automatically as the lines are 
drawn. Line segments also may be 
joined by placing the cursor at the joint 
and pressing Ctrl-J; one menu selection 
will join all line junctions on the 
screen in a single operation. Any ASCII 
graphics character also can be selected 
from a pop-up menu and used as a 
line-drawing character. 

A menu choice opens a a dBASE 
data file. A single field or a group of 
fields then can be selected for place¬ 
ment on the screen; up to 128 fields 
from any number of data files may be 
used. Data fields may be moved on the 
screen as individual objects, or as a 
part of a relocated area using the move 
area editing command (see photo 1). 

Text may be placed anywhere on 
the screen, and the cursor will wrap on 
carriage return to the left side of a de¬ 
fined box for ease of text entry. Text 
may overwrite a box border without 
destroying the box definition, but text 
may not overlap a field definition area. 

Screens are stored in internal UI 
format-screen-image files with a .WW 
extension, with one screen stored per 
file. Screens may be exported to ASCII 



ViaNet IS a trademark ol Western Digital Corp SGL1503. SGL2503. SGL3500 are trademarks of StarGate Technologies. Inc . Netware is a trademark of Novell. Inc 
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I I I I 

The new generation of software 
development tools are here. 

Now ... I ^ 





"• J . J IVS 

I I_ 

Your Move 



Arity 


|i The only fully-integrated family of software development 
tools designed for today’s programming needs. 

You’re looking for a language which can handle today’s programming tasks: 
expert systems, natural language, relational databases, intelligent human interfaces, 
r - Your best move is Arity/Prolog. Arity/Prolog is the foundation for a variety of 

programming tools designed to meet your programming needs. I 


Prolog 


Expert Systems 

Arity/Expert is a programming tool which 
bridges the gap between a human’s view of a 
problem and a computer’s view of the problem. 
Arity/Expert is a frame-based system which 
features backward chaining, automatic explan¬ 
ation generation, positive and negative confi¬ 
dence factors, and complete system debugging 
facilities. And Arity/Expert is designed with 
a unique open-end^ architecture that allows 
. you to customize your expert system to 
match your individual needs. 


Wl 




Arity/Prolog is a true superset of the 
Edinburgh Prolog standard. It includes 
features such as one gigabyte of virtual 
memory, complete string support, database / 
partitioning, definite clause grammar / 
support, and full MS-DOS access. And I 
Arity/Prolog has highly-developed inter- ^ 
faces to other programming languages, 
such as C, assembly, and Pascal. So you 
don’t have to abandon your existing devel- 
opment efforts to take advantage of the 
power and flexibility of Arity/Prolog. 

Arity/Prolog is the overwhelming choice ‘^ V, 
of users and reviewers alike as the premier Prolog 
implementation for IBM PCs and compatibles. 


--1- Check us out! -1- 

Call today for more information on the Arity 
family of software development tools. 


SQL 


Structured Query Language (SQL) is fast becoming the 
industry standard relational database interface language 
The Arity/SQL package lets you easily add this familiar 
database interface to your Arity/Prolog applications. Using 
Arity/SQL queries, you can easily display specific information 
from a database table, combine data from many different 
tables, and perform comparisons among data in the database. 
If you’re planning to incorporate relational database technology 
into any of your applications, you’ll want to use the 
combination of Arity/Prolog and Arity/SQL to speed your 
development efforts. 


1-800-PC-Arity 
(Mass: 617-371-1243) 


ARITY 

-- 

'I' 

Arity Corporation 30 Domino Drive 

Concord, Massachusetts 
01742 
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format for documentation, and ASCII 
screen images may be imported to the 
UI screen. UI also will read a dBASE 
program file and build a screen from 
the @ . . . SAY and box-drawing com¬ 
mands. UI does not permit screens to 
extend beyond the single-screen size of 
80 columns by 25 rows. 

The screen editor can be rather 
awkward to use, although parts of its 
operation can be smoothed out with 
the UI macro key assignment utility, 
which allows the user to tailor the key¬ 
board for individual use. 


As with any screen-design tool, the 
cursor often must be moved from one 
point on the screen to a distant point 
on the screen. UI provides definitions 
for keys such as Tab, Home, and End 
for distance movements, but these defi¬ 
nitions do not work when highlighting 
an area to be moved with the move 
area command. To increase perfor¬ 
mance, a keyboard speed enhancement 
program can be used effectively with 
The UI Programmer. In addition, a 
mouse interface can be created to 
speed up screen-design operations. 


Another awkward operation is ex¬ 
panding a box to add contents. Boxes 
can only be expanded from the lower- 
right corner; contents must then be 
highlighted witli the move area com¬ 
mand and moved to the desired loca¬ 
tion. An option for sizing boxes from 
the upper-left corner would be useful. 

One common operation is to copy 
a box repeatedly when creating menu 
screens. The ability to reexecute the 
box copy command with a single key¬ 
stroke also would be helpful. 

SCREEN IMAGE ATTRIBUTES 

UI considers the text, fields, and boxes 
on the screen to be objects to which 
attributes (UI documentation refers to 
them as characteristics) are attached. 
These attributes are examined by com¬ 
mands in the template file during the 
code-generation process and, therefore, 
influence the generated program code. 
Some of the attributes are inherent, 
such as the object’s location on the 
screen (row and column), whereas 
other attributes may be assigned or 
modified by the UI user. 

Text is considered to be either in 
a box or on the full screen, and may 
have a foreground/background color 
attribute assigned. Box border lines are 
also considered text, but may have a 
color attribute assignment different 
from the text within the box. Individual 
pieces of text cannot be separately col¬ 
ored unless they are placed within in¬ 
dividual boxes, a somewhat awkward 
approach to multicolored screens. 

A field object has several attributes 
that are set or modified using a pop-up 
data screen. The field name may be up 
to 20 characters in length, or the field 
name may be a dBASE language expres¬ 
sion, such as str(recno(),4,0), as long 
as the programmer is careful not to 
generate code that would attempt to 
accept data into the field. The type, 
length, and number of decimals con¬ 
form to the dBASE file field attributes; 
no special handling is provided for 
memo field types. The field may be 
designated as a memory variable or a 
database field. For database field varia¬ 
bles, the database file name may be 
assigned, along with the alias used 
when the file is opened in dBASE. The 
variable may be designated as display 
only, to coordinate with template com¬ 
mands that generate code to display or 
accept data to variables. A dBASE picture 
clause may be attached (up to 68 char¬ 
acters long), as well as a validation 
expression for Clipper programs. An¬ 
other attribute command available from 
the UI Fields menu allows the pro- 


BASIC Programming Tools 

There’s nothing basic about these 
professional programming utilities. 


Whether you’re a seasoned expert or 
just starting out, we can help you create 
programs that run faster, work harder, 
and simply look better. We have built our 
reputation on customer satisfaction by 
providing expert advice and quality 
technical support. All Crescent Software 
products include source code, demonstra¬ 
tion programs, clear documentation, and 
a 30-day satisfaction guarantee. 

■ QBase is a superb screen designer 
and full-featured relational database. 
Because we include complete BASIC 
source code, QBase can be custom¬ 
ized to suit your needs. Besides its 
database capabilities, QBase is out¬ 
standing for creating custom titles, 
help screens, and product demos, 
and includes a versatile slide-show 
program. $99 














QBase Report enhances QBase by 
generating reports with multiple levels 
of sorting, automatic record updating, 
browsing, and transaction posting. 

As a special bonus, QBase Report 
includes a complete, ready to run, 
time billing application for computer 
professionals. $69 

I QuickPak contains more than 65 
essential routines for BASIC program¬ 
mers. Included are programs for 
windowing, access to DQS and BIQS 
services, searching and sorting string 
arrays, creating pull-down and Lotus^“ 
menus, accepting data input, and 
much more. QuickPak is loaded with 
examples and tutorial information, 
and comes with a clever tips and 
tricks book, plus The Assembly Tutor 
— a complete guide to learning 
assembly language from a BASIC 
perspective. $69 

By Customer Demand — QuickPak 11 

More than 30 additional tools, includ¬ 
ing disk and printer tests to eliminate 
the need for Qn Error in your programs, 


and a multi-line text input routine that 
lets you put a note pad with full word 
wrap anywhere on the screen from 
within your programs. Qther routines 
include binary file access, more menus, 
multiple screen save and restore, con¬ 
tinuous time display, automatic box 
drawing, and much more. (Available 
for use with QuickBASIC only] $49 




CraphPak is an extensive collection 
of routines for displaying line, bar, and 
pie charts automatically within your 
programs. It will create 3-D charts 
with manual or automatic scaling, 
titles and legends in any size or style, 
as well as scrolling and windowing in 
graphics. CraphPak also comes with a 
sophisticated font editor for custom¬ 
izing your own character sets. $69 


CRESCENT 

SOFTWARE 


64 Fort Point Street, East Norwalk, CT 06855 
(203) 846-2500 

Separate versions are available for Microsoft 
QuickBASIC and Borland Turbo Basic — please 
specify when ordering. No royalties, not copy pro¬ 
tected, of course. We accept Visa, M/C, C.O.D. and 
Checks. Add $3 shipping and handling, $10 overnight 
and foreign, $25 2nd day foreign. 
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MetaWINDOW 


Power Graphics 
for your PC! 


PC TECH JOURNAL 


“Product of the Month"t 

"... a technological tour de 
force for fast PC graphics." 

MetaWINDOWis an advanced, high 
performance graphics development 
toolkit which bridges the gap between 
low-level graphic primitive libraries and 
pre-packaged window managers. 


Unpetralleled Performance! 


MetaWIN DOW provides an expand¬ 
ed set of graphic drawing functions, 
plus the added functionality and 
performance required for designing 
multi-window desktop applications. 


auto-cursor tracking 
pull-down menus 
pop-up windows 


Close 
Save AS 
Quit AQ 


comprehensive 
graphic functions yQi 

multiple fonts 


• Display multiple bitmap or 
"filled-outline" fonts. 

• Face fonts for bold, italic, under¬ 
line or strike-out stylings. 

• Full "RasterOp” transfer 
functions for writing, erasing, 
rubberbanding or dragging: 
lines, text, icons, bit images 
and complex objects, 

• Create pop-up menus, 
windows and icons. 

' Supports IBM's new PS/2 VGA 
and MCGA graphics. 


MetaWlNDOW comes complete with 
langauge bindings for 16 popular C, 
Pascal and Fortran compilers, plus 
dynamic runtime support for over 40 
graphics adaptors and input devices. 

MetaWINDOW 

Advanced Graphics Toolkit 
4 disksjS 260 page manuals - $195* 

NEWl ^ TurboWINDOW/C 

All the features of MetaWINDOW for 
Borland Turbo Cl - $ 95* 

* Pius $5.00 shipping and handling 

TO ORDER CALL 1-800-332-1550 

For infc^mation af in CA call 408-438-1550 


METAGRAPHICS 

SOFTWARE CORPORATION 

269 Mount Hermon Road 
Scofts Valley. CA 95066 
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grammer to specify the sequence in 
which the generated program presents 
fields to the end-user for data input. 

Boxes have several attributes. The 
box location and size attributes include 
upper-left-corner row and column, 
height in number of rows, and width 
in number of columns. Although boxes 
may appear on top of or below other 
boxes on the screen, this depth attri¬ 
bute is not available for manipulation 
by template directives at generation 
time. The box outline color and con¬ 
tents color are completely separate at¬ 
tributes. Menu option attributes may be 
attached to any box for the purpose of 
interactive menu-code generation. The 
menu attributes consist of a trigger 
character and a maximum of three 
lines of text or dBASE code that can be 
assigned to the option action attribute. 
Typically, menu selection options are 
painted on the screen in no-border 
boxes, and a menu option is defined 
for each desired menu selection; the 
option-action code is usually a proce¬ 
dure call that is to be executed when 
the menu choice is selected. Addition¬ 
ally, selected and unselected color attri¬ 
butes may be assigned for use in creat¬ 
ing bounce-bar menu programs. 

CREATING MENUS AND SCREENS 

One common use of UI is to generate 
menu programs that display bounce-bar 
menus for the user; the UI template 
file MN_BBAR.TEM will generate such 
menus. The given template works well, 
but generated menu programs cannot 
be nested (menus calling menus) un¬ 
less four variables (newchoice, 
numopts, oldchoice, and optkeys) are 
made private to avoid conflict with the 
same-named variables in higher level 
programs. Photo 2 shows a sample 
menu; figure 2 shows portions of the 
MN_BBAR template file along with the 
corresponding generated code for a 
simple menu application, illustrating 
some of the template command usage. 

Another common use of The UI 
Programmer is as a screen generator. 
The high-level supermacros may be 
used in templates, or individual attri¬ 
butes may be accessed through PCLs. 
For example, the {get all fields in box} 
command would produce a line of 
code such as the following for each 
field in the designated box for which 
the display only attribute was not set: 

@ 10,20 GET STK-^ ITEMNAME PICTURE 
“!!!!!!!!!!” VALID okitem() 

On the other hand, the template pro¬ 
grammer might generate the above 
code through the use of alternate tern- 


C Applications^ 
In HOURS-Not Months! I 

with Ouic-PRO 5 ^ 

Revolutionary new software lets you 
write applications with a powerful, high 
level, 4th generation development system 
that translates 100% to Language C. 

Unique applications code generator 
builds complete programs from fill-in-the- 
blanks specifications and ‘‘painted’’ 
screens. Even non-programmers can use it 
to build complete applications with menus 
and help screens. Skilled programmers 
delight in the speed of creation of 
basic application elements. 

Comprehensive, 4th generation, struc¬ 
tured, interpretive, transaction processing 
oriented, database language to polish up 
the programs created on the applications 
code generator or create new ones from 
scratch. Over 10,000 developers, world¬ 
wide, have used this powerful, fully 
debugged, product as Q-PRO 4. You too 
can develop industrial grade, complex 
applications in a remarkably short time. 
Professionals love its over 100 commands, 
data dictionary, path support, event 
driven architecture, memory and file 
arrays, table lookup and other advanced 
features. 

Unbelievably fast, multikey B+ tree, 
VSAM/ISAM file system makes your ap¬ 
plications run blazingly fast. No limits 
either-- on number of fields record size, 
file size or number of files open at one 
time. 

Complete recording with the easi-to- 
use, multifile query language or the un¬ 
iquely powerful report generator. Or 
write your own. 

100% translation of executable pro¬ 
gram code to K & R compatible Language 
C. After you have your entire application 
working, tested and debugged, convert it 
to C. Even if you have never written a 
C program before! And, use the same file | 
handler. Translation is to Datalite C 
(standard), Lattice C or Microsoft C. 

Compile and link using the included 
(standard version only), and fully docu¬ 
mented, Datalite C and linker. 

I Fantastic results! Complete, fast run¬ 
ning compiled applications- quickly, easily! | 

LAN and Multiuser versions fully sup¬ 
port Novell Netware, IBM PC NetWork, 
Concurrent DOS and MUCDOS file and 
record locks 

Unbelievable value. Complete system | 
only $199.95 for the single user, small 
memory model; $595 for the LAN (Novell, I 
IBM PC Network) all memory models. Full | 
30 day money back guarantee. 

Requires PC/MS-DOS, 512 ram, hard disk, j 

n-n-G internatlpnal 

136 Granite Hill Court 
^Langhorne, PA 19047 (215) 968-5966J 

® 1987. Q-N-E International. _ 

ITLX 2917651 
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FIGURE 2: Template Versus Generated Code 


EXAMPLE TEMPLATE 

*** 

*** rfile>.PRG : Main menu. 


GENERATED CODE 

*** 

*** MENUFIG.PRG : Main menu. - 

*** Generated <;date> 

*** 


*** Generated July 26, 1987 
*** 

* menu initialization 
optkeys = "«for all options» 

Copt ion trigger>«endfor»" 


* menu initialization 
optkeys = ''123Q'' 
numopts = 4 

numopts = Cnumber of options} 

* display the menu screen 
{display text} 


* display the menu screen 

SET COLOR TO W/N 



CLEAR 

SET COLOR TO B/BG 
a 05,15,18,59 BOX '• 



a 07,15 SAY "I" 
a 07,59 SAY '•■j" 

a 06,25 SAY "E X A M P L E MENU" 



a 07,16 SAY "-" 

a 09,23 SAY " 1. First Example Option. " 
a 11,23 SAY " 2. Second Exanple Option. " 



a 13,23 SAY " 3. Third Example Option. " 
a 16,23 SAY " Q. Quit to DOS. " 

* highlight new option 
do case 

«for all options» 


* highlight new option 
do case 

case newchoice =1 

case newchoice ={count} 

{display option selected} 

«endfor» 


SET COLOR TO +G/B 

a 09,23 SAY " 1. First Example Option. " 

endcase 


case newchoice =2 

SET COLOR TO +G/B 

a 11,23 SAY " 2. Second Example Option. " 



case newchoice =3 

SET COLOR TO +G/B 



a 13,23 SAY " 3. Third Example Option. " 

case newchoice =4 



SET COLOR TO +G/B 
a 16,23 SAY " Q. Quit to DOS. " 
endcase 

* perform selected option 
do case 


* perform selected option 
do case 

«for all options» 

case newchoice ={count} 

{option action} 


case newchoice =1 

do OPTIONI 

case newchoice =2 

«endfor» 

endcase 


do 0PTI0N2 

case newchoice =3 

do 0PTI0N3 



case newchoice =4 

QUIT 

endcase 


The code on the left shows portions of the template, MN_BBAR.TEM, used to generate a simple menu with bounce-bar selec¬ 
tion. The code on the right shows the corresponding dBASE program code generated by UI from the template when the user 
designed the specific menu shown in photo 2. The template can be modified easily to produce other menus. 


plate commands to access these attri¬ 
butes individually, such as: 

<<for all getfields in box > > 

@ {field row},(field col} 

GET (field dbf} ^ (field name) 

PICTURE (field picture} 

VALID (field valid} «endfor > > 

The current level of template lan¬ 
guage power makes UI suitable for 
generation of menus and screens as 
well as application building blocks and 
simple applications. However, more 
power and flexibility in the template 


language will be required before tem¬ 
plates for complex application systems 
can be developed. In spite of this limi¬ 
tation, many application building blocks 
can be prepared using templates devel¬ 
oped for the current UI program. 

These modules include support file 
maintenance modules such as add, 
change, delete and list. Many other 
simple but tedious programming tasks 
tliat require repetitive operations also 
can be automated and the resulting 
modules are then integrated into appli¬ 
cation systems. 


MANAGING SCREEN IMAGES 

Pop-up boxes for help, reference infor¬ 
mation, and data entry are an important 
part of professional applications, 
whether coded in dsASE or in some 
other language. The native dBASE iii and 
dBASE III PLUS products have no func¬ 
tions to save and restore the screen 
during program execution, so many 
code generators have addressed this 
deficiency by providing memory-resi¬ 
dent, screen-image manager programs 
callable from dBASE programs; for ex¬ 
ample, the Clipper compiler allows a 
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SigmaVGA Bridges the Graphics Generation Gap 


True VGA Graphics... Delivered 

Forget the promises or the confusion. Sigma 
Designs cuts through the smokescreen of 
competing claims with the definitive VGA 
solution, including Mode 13. Introducing 
SigmaVGA, the high resolution graphics dis¬ 
play adaptor that provides 100% VGA BIOS- 
level compatibihty for the PC, XX AT and 
compatibles. SigmaVGA dehvers the future 
generation of PS/2 graphics software without 
compromising your ability to run existing 
programs. And it’s available right now! 

More Graphics Flexibility Than 
Ever Before 

There’s no need to sacrifice your existing 
hardware investment or access to popular 
graphics modes in exchange for VGA capabil¬ 
ity. With SigmaVGA, you can have it all: 


More Colors—A demonstrated spectrum 
of 256 colors out of a palette of 262,000. 
Now ith easier than ever before to represent 
complex information, execute designs or 
create intensely vivid presentations. 

More Displays and Emulations— 
SigmaVGA drives digital, analog and multi¬ 
sync monitors and provides EGA, CGA, MDA 
and Hercules Graphics emulations. 

200,000+ EGA Boards Installed 

A proven leader in the field. Sigma Designs 
has been supplying advanced graphics hard¬ 
ware to major OEM customers. Now you can 
take advantage of this superior technology. 

To find out more about SigmaVGA or other 
advanced Sigma Designs products, see your 
local dealer or call 415-770-0100. 


S I G M A 

IBM is a registered trademark of International Business Machines. Hercules 
Graphics is a trademark of Hercules Computer Technology, Inc. 
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SIGMAVGA 


VGA Enhanced Display Modes 

• 320 X 200 X 256 Colors (Mode 13) 

Out of a palette of 262,000 colors 

• 640 X 480 X16 Colors 

More resolution than ever before 

• 720 X 400 X16 Colors or Gray Scales 
Easy reading 9 x 16 matrix in text mode 


Emulation Modes 
EGA, CGA, MDA, Hercules 


Monitors Sup 


Supported 
• IBM PS/2 Monochrome Display 8503 


• IBM PS/2 Color Display 8512,8513 

• NEC MultiSync (andog and digital modes) 

• Princeton IDQ2E 

• Compatible analog and digital monitors, both 
monochrome and color 


Sigma Designs Inc. 
46501 Landing Parkway 
Fremont, CA 94538 
Telex 171240 
Fax415-770-0U0 


DESIGNS 


MultiSync is a trademark of NEC Corporation. 

HX12E is a trademark of Princeton Graphic Systems, Inc. 
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Canon introduces 

More easy-to-use features. 

More expandability. 

More fonts and memory for graphics. 
More paper handling capability. 



Canon 



See US at Comdex 
Fall ’87 Booth #1546. 


anon 

LASER BEAM PRINTER 


Enjoy easy extended payments with the Canon Credit Card. 

Ask for details at participating Canon dealers and retailers 
Available only in U.S. 

Canon U.S.A.. Inc., Printer Division, One Canon Plaza. Lake Success. NY 11042. 
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program to save the current screen to 
a memory variable and restore it at a 
later time. WallSoft provides the 
MRD.EXE program for this purpose. 

MRD.EXE is a memory-resident 
display program that manages screen 
images stored in screen image files 
(.SIF). This program is loaded before 
tlie dBASE language interpreter or com¬ 
piled dBASE program. Interpreters using 
DOS interrupt lOH, such as dBASE iii, 
can pass screen-management com¬ 
mands to the MRD by printing them to 
the screen preceded by two chr(255) 
characters. For interpreters with a 
LOAD/CALL facility, the program 
MRDCMD.BIN can be used to commu¬ 
nicate witli the resident MRD.EXE. 
MRDCMD.OBJ can be linked with a 
compiled (Jbase program to provide 
access to MRD.EXE as well. In addition, 
source code (MRDCMD.ASM) is pro¬ 
vided, and an executable version 
(MRDCMD.COM) can be used to test 
and manage .SIF screen files from the 
DOS prompt. WallSoft does not require 
a royalty or license fee to incorporate 
tlie MRD programs into application sys¬ 
tems for distribution. 

Screen image files can contain one 
or more screen images, and several 


.SIF files may be loaded simultane¬ 
ously. UI will generate .SIF files for 
screen management if the MRD param¬ 
eter is specified in the F9:Setup menu, 
and will produce calls to MRD.EXE in 
the generated code, where appropriate. 
The .SIF image file may contain several 
image segments, such as two for each 
menu option—one in its selected (that 
is, highlighted) state, and one in its 
unselected (that is, lowlighted) state. 
Menus then can be presented to tlie 
user without any special @ . . . SAY 
code being necessary for option dis¬ 
play. Additionally, images that are 
stored in .SIF files may be dynamically 
located on the screen at execution time 
so that multiple pop-up box images do 
not have to be saved. 

The usual risk of conflicts between 
memory-resident programs exists when 
MRD.EXE is used, although no such 
conflicts have been noticed. When Clip¬ 
per is the target dBASE dialect, calls to 
the _SCRSAVE and _SCRREST routines 
are more straightforward than using 
MRD.EXE, but doing so could require 
more memory for complex screen 
manipulations. Using the MRD in¬ 
creases the speed and flexibility of the 
displaying screens. 


GENERATING CODE 

The UI generation process brings to¬ 
gether input from a variety of sources 
to create an output file of generated 
code. The UI Programmer integrates 
raw source code and text from the se¬ 
lected template file, UI parameter set¬ 
tings, attributes of objects on the 
screen, code and text generated from 
UI language statements in the template, 
and interactive directions from tlie 
user s response to UI query statements 
in the template. Figure 1 illustrates die 
component relationships of this pro¬ 
cess. To initiate code generation, the 
user creates a screen image or loads 
one from a previously saved image file, 
selects the appropriate template file, 
and confirms or enters the output file 
name (which defaults to the screen file 
name with a .PRG extension). 

Some items in the template pass 
through to the generated output file 
unchanged. Any characters on any line 
in the template that are not within the 
area bounded by Ul-specific delimiter 
pairs ({...} and << . . . ») are 
transferred exactly as is to the output 
file. dBASE statements, including source 
code and comments, are copied di¬ 
rectly to the output file, as are any text 
lines whether legal in dBASE or not. In 
fact, dBASE source code files and any 
other text files are legal templates that 
will cause the generation of exact cop¬ 
ies of themselves in the UI output file. 

UI parameters set from the 
F9:Setup menu also affect the way UI 
generates code. Two parameter flags 
can be set to values that affect the out¬ 
put of some UI commands in the tem¬ 
plate files. These parameter settings 
may also be tested by the <<if 
. . . >> command for use in condi¬ 
tional code generation techniques 
within templates. One parameter, dBASE 
flavor, may be set to one of the follow¬ 
ing valpeS: dBASE III, dBASE III PLUS/ 
FOXBASE+, or Clipper compiler. (The 
manual states that the second setting 
includes Quicksilver along with dBASE 
III PLUS/FOXBASE+.) The other parameter, 
display text, may be set to @ . . . SAY 
or calls to MRD.EXE. In addition, a 
generated code director)^ parameter 
may be set to a default directory^ path 
for the output generated code files; this 
setting may be overridden at genera¬ 
tion time. UI saves these parameter set¬ 
tings by modifying UI.EXE; they take 
effect at the time of setting and remain 
in effect through subsequent execu¬ 
tions of UI.EXE until die settings are 
modified again or a different copy of 
UI.EXE is used. (The disadvantages of 
this method outweigh the advantages. 
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Canon introduces 


LESS. 


Less cost to buy and use. 

Less maintenance. 

Less hassle replacing toner cartridges. 

Best of all, less wait—Canon quality product available now. 


Ctinon 



(non 

LASER BEAM PRINTER 

Printouts that stand out. 


See us at Comdex 
Fall '87 Booth #1546. 

For more information, call 1-800-453-3307. In Utah, 1-800*662-2500, 
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For example, a CONFIG.UI or other 
parameter file that can be edited would 
provide more flexibility and less 
chance for error when U1 is used for 
more than one project.) 

These parameter settings have a 
limited effect on Ul-directed code gen¬ 
eration; the main consequence is in the 
selection of the dBASE dialect flavor of 
box-drawing commands when gener¬ 
ated code draws boxes on the screen. 
However, substantial impact in the gen¬ 
erated code may be created by the 
template programmer through condi¬ 
tional code generation based on the 
value of these settings as determined 
with the UI <<if . . . > > directive; 
such templates can automatically tailor 
the output code to the target system 
defined by the UI parameter setting. In 
addition, the Clipper setting will also 
provide automatic invocation of the 
Clipper VALID clause when generating 
code for input variables defined on the 
screen for which a VALID attribute has 
been assigned. The Clipper setting may 
also affect the way the screen is re¬ 
stored when a box is unpopped, de¬ 
pending on the setting of the Display 
text parameter. 

The Display text parameter affects 
the way code is generated to display 
text data on the screen. In the @ . . . 
SAY setting, text is presented on the 
screen using a combination of the 
dBASE @ . . . SAY command and the 
box-drawing commands of the selected 
language dialect. The generated code 
appears similar to that produced by 
most dBASE programmers, except that 
UI breaks the text to be presented into 
sections to optimize display speed. The 
MRD setting causes UI to generate code 
that will use the MRD system to pres¬ 
ent data on the screen from predefined 
screen-image files. The parameter com¬ 
bination of Clipper and @ . . . SAY will 
generate screen-display code that 
makes use of the Clipper _SCRSAVE 
and _SCRREST subroutines tliat help 
to manage screen images when boxes 
are popped and unpopped. 

ROOM FOR IMPROVEMENT 

The UI Programmer is a useful tool 
that can help automate programming. It 
is both an instrument for the experi¬ 
enced dBASE programmer to create 
code-generation tools for application 
development, and a vehicle for less 
experienced programmers to use these 
tools. The skilled dBASE programmer 
who learns to develop general-purpose, 
code-generation templates and inte¬ 
grates them into his system develop¬ 
ment style can substantially increase 


productivity. The less experienced pro¬ 
grammer who uses well-designed tem¬ 
plates developed by others can signifi¬ 
cantly decrease coding and debugging 
time. In a group of programmers de¬ 
veloping applications to support an 
organization, template libraries can be 
used to help standardize the look and 
feel of programs produced by the 
group, and can reduce the time re¬ 
quired to indoctrinate new program¬ 
mers into the group. 

The UI template language concept 
is quite powerful and may be the be¬ 
ginning of a fourth-generation language 
for dBASE developers. In the first re¬ 
lease of UI, however, the language is 
primarily limited by the lack of ability 
to set, test, and manipulate UI template 
variables. Nested <<if. . . > > and 
<<for . . . > > directives would also 
be useful. Language extensions to per¬ 
mit templates to call other templates, to 
access multiple screens at generation 
time, to allow user^defined super¬ 
macros, and to generate multiple out¬ 
put files in a single process would 
allow the creation of templates for the 
generation of full applications. Further 
development of the template language 
would also make it more of a language 


in its own right, instead of seeming at 
times to be a cryptic extension of 
dBASE. The template language could be 
made language-independent with only 
minor modifications being necessary; 
user-interface programming is certainly 
not a chore exclusive to dBASE. 

Correspondence included with the 
product package indicates that the de¬ 
velopment of UI was evolutionary in 
nature; feedback from prerelease users 
and beta testers was used to shape the 
definition of the program. This ap¬ 
proach contrasts with the traditional 
sequence of development—identifying 
requirements, developing specifications, 
designing the program, and finally pro¬ 
ducing the product. The evolutionary 
approach used to develop the UI pro¬ 
grammer is both good and bad. The UI 
template language suffers from a lack 
of elegance and completeness, but the 
end result is still a usefiil and powerful 
tool. Hopefully, the next release will 
incorporate improvements in the tem¬ 
plate language (see the accompanying 
sidebar for the anticipated additional 
commands and features). 

In its first release. The UI Pro¬ 
grammer is neither a true fourth-gener¬ 
ation language nor an application gen- 
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erator. One of its most significant fea¬ 
tures is the ability to use the attributes 
of objects on die screen to influence 
the code produced by the template file 
commands during the generation pro¬ 
cess. This feature provides a substantial 
degree of access to screen object attri¬ 
butes from within the template. The UI 
template language is both powerful and 
primitive; after expending the effort to 
learn die language in depth, the user 
appreciates the results but wishes for 
more powerful language commands 
and richer syntax. Extensions to the 
template language could easily allow 
the creation of true application-generat¬ 
ing template libraries, and also permit 
the development of language-indepen¬ 
dent code generator tools. I ""1111 ^1 

WallSoft Systenis, Inc. 

233 Broadivay, Suite 869 
New York, NY 10279 
8001233-3569; 212140617026 
The Ul Programmer: $295 
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Dave Eirowning is vice president and co- 
otvner of WBS and Associates, Inc., a micro¬ 
computer and custom database consulting 
firm. He is also director of vendor relations 
and chairman of the database special inter¬ 
est group for the Capital PC User Group. 


ANTICIPATED UPDATE 

At the time diis article was being pre¬ 
pared, UI Programmer release level 
was la. A new version with substantial 
enhancements is expected about the 
time that this article appears in print. 
WallSoft Systems provided the follow¬ 
ing general information about the 
changes and improvements planned 
for the next release. 

The primary intent of die next 
upgrade will be to improve the tem¬ 
plate language by incorporating addi¬ 
tional commands and features, such 
as the following: 

• Callable template files (template 
files that can be called from other 
template files) 

• Generation of multiple output 
files, user-defined supermacros, 
and the while, for, case, if, and 
iif statements 

• Removal of dBASE specific syntax 
from generated code (language 
independence) 

• More power to drive UI.EXE from 
template files at generation time 

• Ability of directives to load screen 
image files during generation for 
multiple screen programs 


• More complete control of Ul tem¬ 
plate variables 

• Ability to access the screen text 
by its location 

• Character-by-character text color 

• Additional object characteristics, 
such as names for boxes 

• Ability of template functions to ma¬ 
nipulate attribute characteristics 

• Larger limits on the number of 
fields and boxes 

• CONFIG.Ul file for Ul parameters. 
All of diese improvements will be 
welcome, and are a result of feedback 
from UI users. The attention to user 
response underscores the W^tllSoft 
concept of developing the program in 
an evolutionary^ manner by incorpo¬ 
rating features requested by UI Pro¬ 
grammer users. 

In addition, WallSoft Systems will 
continue its six-month warranty. 
WallSoft also maintains a registry of 
UI Programmers who custom design 
templates for specific purposes; this 
service makes UI available to individ¬ 
uals who do not want to do their 
own template programming. 

—Dave Broivning 


C Programmers Dream Screen Machine 


WINDOWS • MENUS • DATA ENTRY • HELP SCREENS • DATA BASE INTERFACE • VALIDATION • ERROR-CHECKING 



-scape™ 



TM 


»MICROSOFT/LATTICE/BORLAND: $279 INCLUDES FULL SOURCE CODE/SUPPORT 
• BORLAND OPTION: $99.95 WITHOUT SOURCE CODE/SUPPORT* • UNDC/XENIX: CALL 


OscapCt A time'Saver for fast and easy 
screen and keyboard interface management 
for C programmers. Create pop'Up windows 
• pulldown menus • data entry screens • text 
screens • context-sensitive help • fully 
definable keystrokes • complete validation 
—develop professional-looking applications 
in quick turnaround, even as a beginning 
C programmer. If you know 
printf, you can use 
C-scape! 



* Borland option may upgrade to complete source and 
support for only $ 180.00. Complete package including source 
available for Lattice, Microsoft, and other leading compilers 
for $279.00. Add $4.50 for shipping in North America; $36.00 
overseas. Price subject to change. 


C-SCape: The state-of-the-art inter¬ 
face management system preferred by 
professional C programmers and con¬ 
sultants worldwide combines indus¬ 
trial strength power with ease of use. 

“Incredibly flexible; a very compact and fast interface 
for all screen I/O. Easily the best and most powerful 
screen package.” C.S., Monarch Resources, Inc. 

“Fast and flexible, far ahead of the competition.” 
R.M., Tillinghast. “Greatly reduces development 
time—also allows portable code. The cost/perfor- 
mance is incredible.” S.M., Barringer 
Geoservices, Inc. 

Look & Feel: A totally new 
WYSIWYG screen designer. Lets you 
design screens using the keyboard, then 
automatically turns each screen into 
readable C code that will compile on the 
first run. Create menus and data entry 
screens, define fields of any type. Fea¬ 
tures automatic horizontal and vertical 
scrolling, line draw and erase. Includes 
context-sensitive help. Perfect to learn C; 
perfect for productivity. 


□ 

C-scape and Look &. Feel are trademarks of Oakland Group, Inc. Turbo C is a registered trademark of Borland International, Inc, 


Q Library: Includes pop-up, exploding, stand- 
ard windows with "smart borders" and 
automatic scrolling; menus include pulldown, 
1 -2-3 type, and standard formats; overlap¬ 
ping windows; horizontal and vertical scroll¬ 
ing, perfect for spreadsheet and data base 
applications; date, time, and money func¬ 
tions; a vast system for creating context- 
sensitive help, and more. 

Q Screen designer: The Look & Feel screen 
designer will have you producing fully- 
functional screens without writing a single 
line of code! Just draw, type, and convert to 
C. Also turns ASCII and Dan Bricklin Demo 
screens to C. 

I I Manual: A professional, 500-page manual 
with extensive examples and a complete 
alphabetical reference section. 

I L Device drivers: Drivers swappable at run 
time let your applications run on virtually 
any hardware configuration—CGA, EGA 
(including 43-line mode), monochrome 
support. 

I ^ Source code: Source code allows you to 
create your own, unique function library or 
modify existing functions. 

I ^ Easy: C-scape is powerful, but easy to 
learn, easy to use, easy to customize, and 
easy to maintain. 

I ^ ANSI C compatible: Fully. Options allow 
writing to screen memory directly or going 
through BIOS. 

I ^ 24-hour bulletin board: Great for support 
and up-to-date information. 

I ^ No royalties, no run-time license: No need 
to pay more for your applications. 

Demo package available: See C-scape in 
action. Call now! 
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As a systems designer, integra¬ 
tor, DP/MIS specialist, or consult¬ 
ant, you need PC TECH JOURNAL. 

PC TECH JOURNAL provides the 
tools and know-hov\/ to expand 
the functions and capabilities of 
your system. 

Stay in the fore-front of IBMs 
rapidly changing PC technology 
-subscribe to PC TECH JOURNAL 
today! 

■ One year (13 issues) only $26.70. 

■ Two years (26 issues) only $53.35. 


I Save 50% off the annual single¬ 
copy price of $53.35. 


Your subscription includes the 
special PC TECH JOURNAL DIREC¬ 
TORY issue published in Novem¬ 
ber. This is a comprehensive 
source and reference to the artic¬ 
les and products reviewed and 
featured in PC TECH JOURNAL 
beginning with the premier issue 
published in July 1983! 
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Y©s! Please begin my subscription to PCTECH 
JOURNAL for: 


Two years (26 issues) for $53.35. 

□ One year (13 issues) for $26.70. ’ 

Savings based on annual single-copy price of $53.35. 

Mr./Mrs./Ms- 

please print full name 

Company __ 

Address __ 

City_State_Zip _ 


4S986 


□ Payment enclosed □ Bill me later 
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If you're a systems designer, 
integrator or PC/MIS professional 
working with IBM PCs or the new 
PS/2, you need the comprehensive 
information PC TECH JOURNAL 
provides 13 times a year! 

It's the only magazine that delivers 
the technical information you need 
to increase the performance of 
your multi-component system. It 
talks to advanced users—about 
the applications and products you 
have to know about! 

As part of your subscription to PC 
TECH JOURNAL, you'll receive the 
PC TECH JOURNAL DIRECTORY pub¬ 
lished in December, the most com¬ 
prehensive guide and index to the 
articles and products covered in 
PC TECH JOURNAL beginning with 
the July 1983 premier issue! 

Don't leave a gap in your 
required reading, subscribe to 
PC TECH JOURNAL now and save 
50%! 

FOR FAST SERVICE CALL 
1 - 800 - 525-0643 

(In Colorado 1-303-447-9330) 




At Rainbow Technologies, we think protecting 
software developers’ investments is very serious 
business. That’s why we designed the first fully 
effective security solution for software running on 
PCs and other computers. 

Our family of virtually impenetrable Software 
Sentinel hardware keys provides the highest level of 
software protection the developer can get. While 
remaining invisible to the end user. 


Key Sentinel Family Featxires. 

Prohibits unauthorized use of software □ No need 
for copy protection ° Unlimited backup copies ° 
Virtually unbreakable ° Pocketsize key □ TranS' 
parent operation ° Transportable 


Software 

Sentinel. 

O Runs under DOS and Xenix, 
on IBM PC/XT/AT and 
compatibles 
O Algorithm technique 
(Never a fixed response) 

O Serial or parallel port version 
O Minimal implementation effort 
O Higher level language 
interfaces included 
O 100 times faster than fixed- 
response devices (1ms) 

Software 

Sentinel-C. 

O For developers who want to 
customize or protect multiple 
packages with one device 
O 126 bytes of non-volatile 
memory that is programmed 
before shipment of software 
O We supply a unique 
programming adapter for 
programming the unit 


O Higher level language 
interfaces included 
O Runs under EXDS on 

PC/XT/AT and compatibles 
O Parallel port version only 

Software 

Sentinel-W. 

O Designed for workstations, 
supermicros and minicomputers 
O Serial port only (modem-type) 
O Algorithm technique 
O We provide detailed interface 
specifications: Developer 
creates a port driver 
O Interface requirements: 25 pin 
DB25P or DB25S; 
RS232/RS422/RS423 
O Only signals used: DTR &. RTS 
from computer; signal ground; 
DSR or optional DCD from 
Software Sentinel-W or external 
device. TXD, RXD, CTS, RI 
passed through. 

Call For Software Sentinel 
Evaluation Kit Pricing, 

Inti. Distributors Wanted 
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They told me those copies of 
programs I made for my computer 
ys 4- 4 ^ 9 ^ ^ 4A/i £} company hundreds of thousands 

wf I'f f of dollars. Maybe even cost me my job. 



Few people realize that software piracy is a Federal crime. At ADAPSO^ 
the computer software and services industry association^ we^re doing 
everything we can to inform the public of the problem. And the penalties. 

You could unloiowingly put your company on the receiving end of 
a lawsuit by malcing illegal copies of software. Maybe even put yourself 
on the receiving end of a pink slip. And thaPs why ADAPSO wants 
you to Icnow the facts. 

Return the coupon for a brochure that explains the risks of software 
piracy It^s free. And it may help you keep your job. 


!” Send this coupon or your business card for more information. ”| 
I Or cal 1 us at (703) 522-5055 and ask for Mari lyn. I 

ADAPSO^ 1300 North Seventeenth Street, Arlington, 

Virginia 22209 



Software Piracy is a Federal Crime 
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Deskpro 386 

Compaq Computer 
Corporation 


Cruise Control 

Revolution Software, Inc. 




ii 

Deskpro 286 

Compaq Computer 
“ Corporation 


Repeat Performance 

WordPerfect Corporation 



$6,499 


PRICE; 
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C ompaq Computer Corporation 
has updated and enhanced its 
time-tested Deskpro Series. The 
Deskpro 386, following PC Tech Jour¬ 
nal'^ review of the unit earlier this 
year (see “The New Standard,” Steven 
Armbrust and Ted Forgeron, March 
1987, p. 48), has been enhanced with a 
new 16-MHz 80387 math coprocessor 
for faster floating-point operations and 
a disk-caching program for better 
memor\^ use in disk-intensive applica¬ 
tions (see “The Cache Factor,” Maxine 
Fontana, August 1987, p. 168). The 


DESKPRO 286 

PRICE: $4,999 


DESKPRO 386 

Compaq Computer Cotp. 
20555 FM 149 
Houston, TX 77070 
8001231-0900; 713/370-0670 


Deskpro 286, reviewed more than a 
year ago by PC Tech Journal (see 
“Compaq Deskpro 286,” Steven 
Armbrust and Ted Forgeron, August 

1986, p. 80), has been updated with a 
speedy 8/12-MH2 80286 processor, an 
enhanced keyboard, and the Compaq 
disk-caching program, CACFIE. 

With these enhancements, the 
Compaq Deskpro units, which are al¬ 
ready competitors of the IBM Personal 
System/2 (PS/2) line, become even 
stronger PS/2 rivals. The Deskpro 386 
remains a viable alternative to the PS/2 
Model 80 while the Deskpro 286 chal¬ 
lenges the PS/2 Models 50 and 60. 

DESKPRO 386 

In September 1986, Compaq leapt 
ahead of the personal computer indus¬ 
try with the release of the Deskpro 386 
personal computer. This computer, 
equipped with a l6-MHz Intel 80386 
microprocessor, 32-bit memory, and a 
speedy hard-disk drive, provided IBM 
PC/AT compatibility at twice the perfor¬ 
mance. In its initial review, PC Tech 
Journal noted one primary deficiency; 
the lack of an Intel 80387 math copro¬ 
cessor. In May 1987, however, Compaq 
corrected this deficiency. 

Since May 4, all Deskpro 386 per¬ 
sonal computers being shipped contain 
sockets for both the 80287 and the 
80387 math coprocessors. Compaq 
users can choose which coprocessor to 
use, depending on their specific appli¬ 
cations. Owners who purchased the 
original Deskpro 386 can update their 
machines by exchanging the original 
system board for one with an installed 
80387 chip. The cost of the exchange, 
available through authorized Compaq 
dealers, is $999 until December 31, 

1987. This is only slightly more than 
the retail price of the 80387 chip alone. 

So why throw away the 80287 chip 
that your company just paid $500 for 
and pay another $1,000? The answer is 
speed. For math-intensive processing. 


such as CAD applications or scientific 
programming, the addition of the 
80387 allows Deskpro 386 to reach its 
full potential. The Intel 80387 is a full- 
fledged l6-MHz, 32-bit chip. By taking 
in data 32 bits at a time from the Com¬ 
paq bus and processing it at 16 MHz, 
floating-point operations are signifi¬ 
cantly accelerated. Using the ATFLOAT 
test, developed by PC Tech Journal 
(see “Out From The Shadow of IBM,” 
Steven Armbrust, Ted Forgeron, and 
Paul Pierce, August 1986, p. 53) to mea¬ 
sure the speed of floating-point-inten¬ 
sive operations, the 80387 math copro¬ 
cessor performs 6.3 times faster than 
the standard AT, whereas the 80287 
coprocessor is only 1.7 times faster. 

The 80387 math coprocessor offers 
all of the operations of its predeces¬ 
sors, plus several enhancements. Many 
instructions, such as sine and cosine, 
have been optimized to reduce the 
number of clock cycles required, pro¬ 
viding even more performance acceler¬ 
ation. The chip can perform sine and 
cosine operations simultaneously on 
the same operand. This feature is par¬ 
ticularly usefiil for processing graphic 
images. A wider range of operands is 
available for the tan, arctan, and natural 
log functions. The conformance of 
math operations to the IEEE 754 
floating-point standard has been im¬ 
proved. Performance figures in table 1 
show that improved floating-point oper¬ 
ation constitutes the major difference 
between the original Deskpro 386 and 
the new version that is equipped with 
the 80387 math coprocessor. 

Yet another change is the addition 
of Compaq’s CACHE, which is flexible 
in that it can be used in base, ex¬ 
tended, or expanded memory. Use of 
CACHE improves disk access speed 
substantially. Using PC Tech Joumafs 
ATDISK test, which measures writing 
and reading of ten 20KB files, CACHE 
reduces writing and reading time from 
9.0 to 6.4 seconds. The new version of 
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Compaq 386 is still equipped with the 
memory-management programs, VDISK 
(a RAM-disk program), and CEMM (the 
Compaq Expanded Memory Manager), 
to allow ordinary applications to use 
the memory that is not available 
through normal DOS operations. 

Other than adding the 80387 math 
coprocessor socket and CACHE, Com¬ 
paq 386 has not changed significantly. 
The BIOS date is only two weeks later 
than the previous version—from 
8/19/86 to 9/4/86. The Compaq memory 
board still provides quick memory ac¬ 
cess. Two Torx screwdrivers are still 
required to work under the hood, a 
T-15 to remove the cover and a T-10 to 
add or remove expansion boards. 

Three DIP switches on the system 
board indicate, respectively, the copro¬ 
cessor’s presence, whether it is a 80387 
or a 80287, and its clock speed (4 or 8 
MHz) if it is a 80287. 

All hardware tested in the original 
review (Hayes’ Smartmodem, Intel’s 
AboveBoard/AT, Microsoft’s Mouse, 
Cheetah’s memory board) works as 
well in the new version, as does all 
software tested (Microsoft’s Windows 
and Word; Borland’s SuperKey, 

SideKick, and Turbo Lightning; Living 
Videotext’s Ready; Hayes’ Smartcom II; 
Fifth Generation System’s Fastback; and 
Intel’s QUIKMEM). The IBM Advanced 
Diagnostics continued to recognize 
only the first 640KB of Deskpro 386’s 
1MB of memory. The Advanced Diag¬ 
nostics’ coprocessor test failed because 
of the presence of a math coprocessor 
chip unfamiliar to IBM. 

—DAVID CLAIBORNE 


DESKPRO 286 

Compaq’s latest version of Deskpro 286 
(Model 40) is a solid, well-built unit 
containing several improvements over 
the previous version reviewed by PC 
Tech Journal over one year ago. One 
feature that lends the new 286 its com¬ 
petitive edge is an 8/12-MHz processor 
operating in conjunction with its 8-MHz 
IBM PC/AT compatible bus, which re¬ 
places the earlier 6/8-MHz processor. At 
high speed, the 12-MHz processor per¬ 
forms at about 1.5 times the speed of 
the standard 8-MHz AT and, at 8-MHz 
clock speed, closely matches standard 
AT performance. 

There are two ways to switch pro¬ 
cessor speeds, either by using the Ctrl- 
Alt-\ keys simultaneously, where one 
beep indicates switching to 8-MHz 
speed and two beeps switching to 12- 
MHz speed, or by issuing the MODE 
SPEED command: 

[d:][path]MODE SPE[ = ][ii] 

Setting [n] to hig[h] switches the speed 
to 12 MHz, setting it to fas[t] forces it 
to 8 MHz, and setting it equal to o (for 
aut[o]) sets the clock speed to 12 MHz 
but automatically reduces this to 8 MHz 
during diskette access. The command: 

MODE = aut[o] 

also causes the CPU to operate at 12 
MHz, slowing to 8 MHz during diskette 
access. The 80287 math coprocessor 
always runs at 8 MHz regardless of the 
80286 processor speed. 

The new keyboard, which is the 
same as the one provided with the 
Deskpro 386, is the Compaq equivalent 


of the IBM-enhanced keyboard, having 
101 keys, including two alternate and 
two control keys, with 12 function keys 
arranged along the top of the keyboard 
and a separate cursor pad between the 
numeric keypad and the alphabetic 
keys. Unlike IBM’s keyboard, it has 
sharp edges, is lighter, is less thick, and 
has a less curved surface. Compaq’s 
keyboard attaches to the left front end 
of the computer and is equipped with 
a cable that is long (about 4 feet, 
coiled) but does not cause storage 
problems. The keyboard connector’s 
plastic protective sleeve is a nuisance. 
Its length and stiffness make it impossi¬ 
ble to put the keyboard up against the 
unit, as is often required in limited- 
space work areas. None of the keys 
stuck or showed any other problems. 
Key clicks are generated by the com¬ 
puter, and their volume can be ad¬ 
justed by using either the Ctrl-Alt- + or 
the Ctrl-Alt- — key combination. 

The most notable software sup¬ 
plied with the 286 is Compaq’s CACHE. 
Other options available include up to 
three 2MB memory expansion boards 
for a maximum 8.1MB system memory 
and a 70MB hard disk. 

In addition to its faster clock, new 
keyboard, and CACHE, the new Model 
40 boasts a half-height 40MB hard disk, 
an optional 40MB streaming-tape hard¬ 
disk backup unit, an enhanced key¬ 
board, and 640KB memory. Other fea¬ 
tures are a realtime clock, a 5.25-inch 
1.2MB diskette drive, an 8-MHz 80287 
socket, and built-in parallel and serial 
ports. There are five 8/l6-bit and two 
8-bit expansion slots. 


• 80x86 • 680x0 • VAX • RT PC • 370 • d20xx • 80x86 • 680x0 • VAX • RT PC • 370 • 320xx • 80x86 • 680x0 • VAX • RT PC • 370 • 320xx • 80x86 • 370 • 
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MS-DOS We were first with compilers for Intel80386protected mode —since November, 1986. And we have been technology 
leaders on the/nte/tfOfftf'^ffffseries since 1983, adding 80386 real mode support in 1986. Join the big leagues: Ansa/Paradox, Ashton- 
rate/dBase III Plus, Autodesk/MoCAD, 1/fefree/Volkswriter, FoxSoftware/Foxbase(386), SymantecKl^K l//aw/ogf/c/Workview&Vlewslm,...; they rave 

about our code quality an6 technical support. Ourfloating-point support Includes 8087^287''387, WsilBk 1167, 

emulation. Equivalent compilers support OthOt OSS on Intel chips: OS/2; FlexOS 286,386; OS/286,386; PC-MOS (386); DOSlExtender, and X- 
AM (VM/RUN). Likewise, the same outstanding compilers are also available on: 

UNIX — Intel 80286, 80386; MC 680x0: Sun, Apollo, others; DEC VAX; IBM RT PC, 370; NS 32032; and 
Other OSs — DEC VAX VMS, and soon IBM CMS and Atari/GEM-DOS. (UNIX refs: Boeing C.S.. CASE Tech., IBM, MIT,...) 
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INCORPORATED 


CALL: (408) 429-6382 

Telex: 493-0879 (META Ul); 903 Pacific Avenue, Suite 201 

Santa Cruz, CA 95060 

— PC Tech Journal 


* MS-DOS • OS/2 • UNIX 4.x, V.x • FlexOS • OS/x86 • PC-MOS • DOS|Extender • X-AM • VM/RUN • GEM-DOS • VMS • CMS • MS-DOS • OS/2 • UNIX • 
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There were six available expansion 
slots on the unit tested, five 8/16-bit 
slots and one half-length 8-bit slot. The 
leftmost 8/16-bit slot is covered by an 
easily removable brace; all seven full- 
length slots end at the molded-in 
guides on the speaker mount, restrict¬ 
ing the choice of expansion boards. All 
memory consists of socketed 256KB 
chips in banks of nine, with 512KB 
standard, 1152KB on the tested unit, 
and room for a total of eight banks for 
2MB. The 7.2-V lithium battery is 
mounted on the rear panel adjacent to 
the expansion slots and is attached by a 
Velcro strip so strong that the mount¬ 
ing glue would separate before the 
strips would part. Serial and parallel 
ports are mounted on the 9-inch, 16-bit 
drive controller card. 

The test unit came equipped with 
a Compaq color monitor, a Compaq 
Enhanced Color Graphics board, and 
an 8-MHz 80287 coprocessor already 
installed, along with extra system board 
memory^ to bring the unit up to 
1152KB, and the front-panel 40MB 
Compaq streaming-tape hard-disk 
backup unit (MS-DOS 3.2 and BASIC 
were not included). With a half-height 
40MB hard disk, the tape unit, and a 
half-height diskette drive in place, the 
Model 40 has one half-height opening 
left. The Compaq board is keyboard- 
switchable between text and graphics 
modes (Ctrl-Alt- < or Ctrl-Alt- > key 
sequences), offering 16 colors from a 
palette of 64, screen memon^ of 256KB, 
2 RCA jacks, light-pen interface, en¬ 
hanced RGB, and 640-by-350 pixel res¬ 
olution compatible with the Enhanced 
Graphics Adapter (EGA). The optional 
40MB tape backup unit uses the DC 
2000 tape cartridge that took 37 min¬ 
utes to format. Backup of 7.5MB of data 
took 7 hours and 43 minutes. Multiple 
backups can be done on a single tape. 

Tests of the new Deskpro 286 
Model 40 revealed no compatibility 
problems, at either 8 or 12 MHz, with 
most of the standard programs and 
hardware used in PC Tech Joumar?> 
evaluations. Add-on products tested in¬ 
cluded Intel’s AboveBoard/AT with 4MB 
of memory, a Microsoft bus mouse, a 
Hayes’ Smartmodem 1200B, an IBM 
EGA and display, and Cheetah’s mem¬ 
ory board. Software tested included 
Microsoft’s Windows and Word; Bor¬ 
land’s memory-resident programs, 
SideKick, SuperKey, and Turbo Light¬ 
ning; Living Video Text’s expanded 
memory program. Ready; Hayes’ 
Smartcom II; Fifth Generation System’s 
Fastback, and Intel’s QUIKMEM. 


THIS CARD 
GIVES A COLLEAGUE 
A YEAR’S WORTH 
OF VALUABLE INFORMATION 
AND INSIGHT 



W hen you give PC TECH JOURNAL as a gift to 
a client or business coUeague, you’re giving 
valuable information on systems design, 
integration, LANs, multitasking and much, much more. 

PC TECH JOURNAL is the recognized source of informa¬ 
tion and insights for PC/MIS Professionals who are interfac¬ 
ing desktop pcs with mainframes, minicomputers and 
non-DOS operating systems. 

Give a gift that’s delivered 13 times a year* and SAVE 50 % 

OFF the single copy price of S53.35. 

*Your gift subscription includes the PC TECH JOURNAL DIRECTORY, 
an indexed reference source to the articles and reviews that appeared in 
PC TECH JOURNAL from the premier July 1983 issue! 



P.O. BOX 52077 
BOULDER, CO 80322-2077 


Send Gift TO: 


Comoanv 

please print full name 


Address 

City 

State 

7in 

Send Card FROM: 



Mr./Mrs./Ms. 



Company 

Address 

Citv 

State 

Zip 


□ Bill me □ Charge my credit card for $26.70 for 13 issues. 
Check one: □ AmEx □ Visa □ MasterCard 
Card No-Exp. Date_ 


Add $8 per year for postage outside USA, US currency only. Please allow up to 60 days for delivery of first 1 
issue. Basic annual subscription price is $34.97. | 

1 ^ FOR FASTSERVICE CALL 1-800-525-0643 (In Colorado 1-303-447-9330) 4Z7L j 
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TABLE 1: Compatibility and Perfommnce Tests 



8-lVIHz AT, 
301VIB DISK" 

DESKPRO 386, 

' 80387 INSTALLED 

DESKPRO 286 

40 MB DISK* 

ATBIOS 

ROM BIOS date 

11/15/85 

09/04/86 

05/15/87 

ATPERF 

Average RAM instruction fetch (/as) 




BYTE 

.250 

.19 (130r 

0.17 (150) 

WORD 

.403 

.14 (280) 

0.27 (150) 

DWORD 

N/A 

.23 


Average RAM read time (/as)^^ 




BYTE 

.401 

.13/.26 (298/154) 

0.28 (144) 

WORD 

.401 

.13/.26 (298/154) 

0.28 (144) 

DWORD 

N/A 

.14/.26 

N/A 

Average RAM write time (/as)'^^ 




BYTE 

.401 

.13/.26 (307/154) 

0.26 (155) 

WORD 

.401 

.13/.26 (307/154) 

0.26 (155) 

DWORD 

N/A 

.13/.26 

N/A 

Average ROM read time (/as) 




BYTE 

.401 

Same as RAA'I read 

0.28 (144) 

WORD 

.401 

Same as RAM read 

0.28 (144) 

DWORD 

N/A 

Same as RAM read 


Average CGA video write time (/as) 




BYTE 

1.208 

1.21 (100)' 

1.21 (100) 

WORD 

2.415 

2.42 (100) 

2.41 (100) 

DWORD 

N/A 

4.83 

N/A 

Average EMM read time (/as)^" 




BYTE 

.402 

.13 (301) 

.40 (99) 

WORD 

.402 

.13 (301) 

.40 (99) 

DWORD 

N/A 

.14 


Average EEM write time (/as) 




BYTE 

.402 

.13 (306) 

.40 (99) 

WORD 

.402 

.13 (306) 

.40 (99) 

DWORD 

N/A 

.13 


CPU clock rate (MHz) 

8.0 

16.0 (200) 

11.8 (147) 

Numeric coprocessor clock rate (MHz) 

5.3 

16.0 (302) 

7.9 (148) 

Refresh overhead {%) 

7.1 

15 

5.7 

RAM read/write wait states 

1/1 

0/0 

1/1 

ROM read wait states 

1 

Same as RAM read 

1 

Video write wait states (CGA) 

8 

17 

12 

EMM read/write wait states 

1/1 

0/0 

2/2 

ATFLOAT 

Performance (%) relative to AT 

100 

630 

140 

ATDISK^ 

Sectors per track 

17 

17 

17 

Heads 

5 

5 

5 

Cylinders 

731 

978 

978 

Total space (million bytes) 

31.81 

42.56 

42.56 

Track-track seek time (ms) 

6.0 

4.2 

4.0 

Average seek time (ms) 

37.1 

26.8 

27 

Effective transfer rate (KB/sec) 

170.1 

255.0 

255.0 

DOS file I/O (sec)--^' (with/without cache) 

7.3 

5.5/7.4 

5.9/7.3 

Interleave 

3 

2 

2 

IBM AT figures are average results from several machines; results from 
Compaq Deskpro 386 are only from the review sample model. 

In automode at 12-MHz 

Figures in parentheses represent the relative peifoimance expressed 
as a percentage compared to PC Tech Journal’s baseline machine, 
the 8-MHz, 30MB AT 

^ For the Deskpro 386, first number is for memory access within the same 

2KB page: the second is not within the same 2103 page. 

^ EMM measurements were taken using the Deskpm 386's CEMM. 

^ Disk times were not affected by whether the CPU operated in high-speed 
mode (12-MHz) or auto MODE that only drops to 8-MHz for diskette I/O. 
^Deskpro 286 and 386 tested with/without disk-caching program. 


Improved floating-point operation is the major difference between Deskpro 386 and the version equipped with the 80387 
socket. The Deskpro 286’s 12-MHz processor improves performance overall. CACHE improves disk access speed. 
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Fastback reported a problem with 
direct memor)^ access, a common prob¬ 
lem with non-IBM machines, but it 
appeared to work correctly at 8 MHz. 
AboveBoard, using the manual instruc¬ 
tions, worked perfecth^ in both the 8- 
and the 12-MHz modes. 

All compatibiliw tests were per¬ 
formed with and without the Compaq- 
included disk cache. As a matter of fact, 
CACHE significantly improved the ap¬ 
parent disk transfer rate and did not 
cause any problems. 

In almost all cases, the Deskpro 
286 operating at 12 MHz outperformed 
the AT and the Deskpro 286 operating 
at 8 MHz (see results in table 1). 

Although Cheetah’s high-speed 
memor\^ board operated in the new 
Deskpro, PC Tech Journal benchmark 
tests showed no performance increase 
over the system board memoiy at 12 
MHz, with both types of memory indi¬ 
cating one wait state. 

Using the 256KB CACHE with the 
standard system at 12 MHz, the Desk- 
pro 286 completed the ATDISK writing 
and reading of ten 20KB files in 5.9 
seconds versus a speed of 17.3 seconds 
without the CACHE. 

Track-to-track time at 4.0 millisec¬ 
onds and average seek time at 27.0 mil¬ 
liseconds remained the same for all 
configurations and speeds. 

A T-15 TOKK or flat-blade screw¬ 
driver is still required to remove Desk- 
pro 286’s cover. Insertion of the Chee¬ 
tah memon^ board and the Hayes 
1200B internal modem is simple, as the 
unit’s cover plates need only to be un¬ 
screwed and the cards slid in. The 
8-MHz 80287 socket is easily accessible 
next to the power supply. Access to the 
socketed memory^ chips is simple: none 
of them are covered by the drive bays, 
and only the first bank (0-256KB) are 
under the speaker/card end mount. 
When all full-length cards are out of 
the unit, the speaker can be removed 
easily without tools. 

The tape backup unit includes in¬ 
stallation and “Special Features’’ guides, 
and the Compaq color graphics board 
comes supplied with an installation 
and operations guide. 

The manuals and operations 
guide are good enough for experi¬ 
enced users, but they lack the com¬ 
pleteness that would be required by 
first-time purchasers. 

The 80286-Based Products Techni¬ 
cal Reference Guide, Compaq En¬ 
hanced Color Graphics Board Techni¬ 
cal Reference Guide, and Compaq 
Desktop Maintenance and Service 


Guide are available for programmers 
or technicians. The MS-DOS Version 
Reference and BASIC Version 3 Refei^- 
ence Guides are available with their 
software as an option from Compaq. 

The new version of the Deskpro 
286 has all the features of its predeces¬ 
sor together with the fast 8/12-MHz 
clock and CACHE software to boost its 
performance. As a fringe benefit, it now 
boasts an enhanced keyboard. 

Once Compaq Corporation decides 
on which audience its Deskpro 286 
documentation should address, the 
company should be more consistent in 
the amount and level of information to 
be included. With this improvement 
(and perhaps blunting the sharp edges 
of the keyboard), the new Deskpro 286 
would be an excellent machine, cer¬ 
tainly delivering a better performance 
than the 8-MHz AT. 

—JOHN McCORMICK 


CRUISE CONTROL 

Revolution Software, Inc. 
715 Route 10 East 
Randolph, NJ 07869 
2011366-4445 


PRICE: $39.95 
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T he proliferation of interesting ter- 
minate-and-stay-resident (TSR) 
utilities and accessories poses a 
dilemma: which TSRs should be in¬ 
stalled and which should be omitted to 
preserve enough memory for main 
applications? Cruise Control from Revo¬ 
lution Software, Inc. occupies little 
memory and greatly improves the user 
interface of many major applications, 
making it a top contender for the pole 
position in any AUTOEXEC.BAT file. 

Cruise control permits cursor 
speed to be controlled from within an 
application while simultaneously elimi¬ 
nating cursor run-on. All but the most 
fastidious of those who earn their liv¬ 
ing with spreadsheets know the frustra¬ 


tion of scrolling through a worksheet 
looking for a desired cell, only to over¬ 
shoot the target and slam into the 
worksheet border. As the type-ahead 
buffer clears itself of accumulated cur¬ 
sor movement commands, the accom¬ 
panying beeping adds to frustration 
and sends an audible signal to cowork¬ 
ers that something is amiss. 

With Cruise Control installed, the 
cursor speed may be adjusted to suit 
the user, permitting increased scrolling 
speeds for template manipulation. In 
one test, the time required to scroll 
down through 8,192 lines of a Lotus 
1-2-3 spreadsheet was reduced by more 
than 75 percent with Cruise Control set 
at maximum. Scrolling across columns 
of a maximum-width worksheet was 
reduced by 12 percent. Aiother fea¬ 
ture, called Anti-Skid Braking, in a con¬ 
tinuation of automotive metaphor, stops 
the cursor when the arrow key is re¬ 
leased. The combination of cursor 
speed control and the elimination of 
run-on definitely improves the ability 
to home in on a target cell. 

Cruise Control’s usefulness is not 
restricted solely to spreadsheets. Cruise 
Control’s effect on word processing 
was tested on a 31-page WordPerfect 
document. With Cruise Control set at 
maximum, the time that was taken to 
scroll through the entire document was 
reduced by more than 50 percent. The 
time that it took to move the cursor 
character by character through a page 
was even more dramatically improved. 
The cursor speed may be adjusted eas¬ 
ily so that it is tailored to fit individual 
user preference. 

Other features included in Cruise 
Control’s repertory include automatic 
dimming of the CRT after a user- 
defined time interval, a chronometer 
that can place the date and/or time (in 
six different formats) at the cursor po¬ 
sition, instant dimming of the screen to 
protect against pr>4ng eyes, and 
autorepeat of any key without having to 
hold the key down. 

Utilizing Cruise Control from 
within an application program requires 
the use of the 5 key on the numeric 
keypad. With Num Lock off, depressing 
this key usually has no effect, making it 
a logical choice for a hot key. Cursor 
speed may be increased by holding 
down the 5 key (with Num Lock off) 
while depressing the + key to the right 
of the numeric pad. Similarly, the 5 key 
in conjunction with the - key to the 
right of the numeric pad reduces cur¬ 
sor speed. Hitting the 5 key and then 
another key causes the second key to 
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be repeated, without it having to be 
held down. The repetition speed is 
dynamically controlled by touching 
the + and - keys; it may be varied 
from one character even^ 18 seconds to 
16 characters per second. Cruise Con¬ 
trol permits easy reassignment of the 
hot key should the default assignment 
prove inconvenient or should it conflict 
with another TSR. 

Cruise Control may be disabled at 
any time from within a program by a 
combination of the hot key and the Ins 


key. A help feature is available but may 
be called only from the DOS prompt, 
not from within an application; how¬ 
ever, Cruise Control is so simple to 
operate that this help provision be¬ 
comes somewhat superfluous. 

Three Control Strategies are pro¬ 
vided in version 3.02 that allow Cruise 
Control to work with different applica¬ 
tion programs. A list of programs with 
strategy recommendations is provided 
with the documentation, and the user 
has the option of switching between 


Control Strategies at any time by using 
the hot key and the Tab key. 

In use with other popular TSRs 
(for example, SideKick, Turbo Light¬ 
ning, Automenu, and DESQview), no 
problems were encountered either 
with Cruise Control or with the oj^era- 
tion of the other TSRs. The program 
ran without any difficult)' on several 
machines, including an IBM PC/XT, a 
Compaq Portable 286, and an IBM 
PC/AT with an Enhanced Graphics 
Adapter. The screen-dimming feature of 
Cruise Control would not work on a 
Zenith Z-158 PC clone nor did it work 
with a new IBM Personal System/2 
(PS/^2) Model 50, although the other 
features operated flawlessly. Revolution 
Software, Inc. says that the current re¬ 
lease of the program now supports 
PS/2 screen blanking and that Cruise 
Control is currently available on 3.5- 
inch diskettes. Cruise Control comes 
with a 60-day money-back guarantee, 
eliminating the purchaser’s risk that it 
might not work on a specific machine. 

Cruise Control is supplied on a 
single diskette (which is not copy¬ 
protected) containing three files total¬ 
ling 100KB, the bulk of which is for 
tlie REA13ME and INSTAIX files. Installa¬ 
tion is tlie epitome of simplicit)'; the 
installation program will copy the 
Cruise Control software to a hard disk, 
creating a subdirectoiy if this is de¬ 
sired, and can be directed to modify 
the existing AUTOEXEC.BAT file, allow¬ 
ing the user to specify precisely where 
in the file Cruise Control is to be in¬ 
voked. The version that was tested re¬ 
quired only 4.3KI3 RAVI 

The documentation consists of a 
21-page pamphlet that could benefit 
from a reorganization of its major ele¬ 
ments into a more logical sequence. 

For example, the installation section 
should precede the section discussing 
the use of special Cruise Control keys. 
In spite of this minor organization 
problem, the documentation is suc¬ 
cinct, and the instructions are easy to 
understand. The I^EADME file supplied 
with the tested version is unique in 
that, instead of being the usual collec¬ 
tion of errata, it is a well-written docu¬ 
ment complete with a table of contents. 

Cruise Control has proven to be 
an ideal accesson'. This package sits 
unobtrusively in memon' until it is 
needed. Then, it performs its duties 
well, making minimum demands on 
the user. The combination of good per¬ 
formance and low price should make 
Cruise Control popular. 

—JUSTIN CROM 
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Create 68K Embedded 
Systems On ATs 

Oregon Software Brings VAX and VME 
Pascal-2 Cross-Development Tools 
To MS-DOS Workstations 


Get All Your Tools In One Package 


Compiler 

■ 68000, 68020, and 68881 instruction sets 

■ ROMable code 

Assembler-Linker 
Concurrent Program Support 
Stand-Alone Library 
Source Management 


OREGON « SOFTWARE 

800-367-2202 

6915 SW Macadam Avenue, Portland, Oregon 97219 U.S.A. 
503-245-2202 FAX 503-245-8449 TWX 910-464-4779 
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HIGH-SPEED — 16-BIT I/O 

AT-« ^MAINFRAME 



VIA 

9-TRACK 

TAPE 


Catamount offers the Highest Performance 8-bit and 16-bit I/O 9-track tape sub¬ 
systems for reading and writing Mainframe-compatible / 2 -inch magnetic tape on the 
IBM PC/XT/AT and compatibles such as the Compaq 386. Outstanding features 
include: 

• 16-bit I/O, 128 KByte FIFO Buffered Interface for the AT and 
compatibles — No 8-bit bottleneck on the AT. 

• Interface burst transfer rate capabilities greater than 1 megabyte/sec. 

• Transfer data on either a DMA or Programmed I/O basis. 

• Disk drive emulation software for direct tape data access with higher level 
languages and database management programs. 

• D-type interface connector with shielded data cable for easy and reliable 
connection to the PC — No problem-prone Ribbon Cables. 

Complete Tape Subsystems are available to handle 800, 1600, 3200, and 6250 bpi 
formats and are priced from $3495. For more information, call today! 


Phone: (805)584-2233 
FAX: (805)584-0941 



M 

^CATAMOUNT 

^ CORPORATION 


2243 Agate Court, Simi Valley, CA 93065-1898 
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Lattice 3.0 

“hot-key” 

$79.95 


Make your C language 
programs memory resident 
with 

DMS RESIDENT-C 

Microsoft 4.0 



enable 

$149.95 

w/source 


Make your assembler 
programs memory resident 
with 

DMS RESIDENT-ASM 


“hot key” 
$79.95 




enable 



/J o 

vji^l 

$149.95 

w 

w/source 


American Software International 

P.O. Box 523 
Windsor, CT 06095-9998 

(203) 688-5054 
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Announcing 
WKS LIBRARY L2™ 


The Lotus “Wrap-Around” for C Programs 


Now you can write and read Lotus worksheets 
directly from a C program! 

WKS LIBRARY lets you: 

• avoid time-consuming file translation steps 

• control the execution of 1-2-3 from inside your application 

• use Lotus as a data entry screen in your C program 

• generate “live” financial statements with formulas for totals 

Feature this: 

• reads and writes .WKS, .WKl and .WRl worksheets 

• writes integers, floats, strings, formulas, macros and dates 
using wprintfQ 

• reads using wscanfQ, converting column contents to C 
variables according to format specs 

• has low-level functions for manipulating individual cells 

• provides Lotus control functions such as: 

formats, column widths, initial cursor position, range 
names, cell protection 

• supports Lattice, Microsoft & Turbo compilers for DOS, plus 
most UNIX environments 

Source Code provided No Royalties on executable programs 

Only $89 s] order today! 

(includes free Toll-free 

800-line support) (800) 367-9882 


Tenon Software, Inc. 

1980 - 112th NE, #250, Bellevue, WA-98004 
(206) 453-1914 (in Washington state) 
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REPEAT PERFORMANCE 

WordPerfect Corporation 
288 West Center Street 
Oreni, UT 84057 
800/321-4566; 801/225-5000 

PRICE: $59 
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R epeat Performance is a keyboard 
enhancement utility program 
from WordPerfect Corporation 
that is designed to increase user pro¬ 
ductivity within application programs 
such as spreadsheets and word pro¬ 
cessors. Like Cruise Control, which also 
is reviewed in this month’s Product 
Watch, Repeat Performance allows the 
user to control keyboard characteristics 
such as key repetition rate and type- 
ahead buffer utilization. Repeat Per¬ 
formance features include adjustment 
of the delay time between key press 
and start of autorepeat, modification of 
the type-ahead buffer size, setting of a 
temporary high-speed repeat overdrive, 
calibration of the frequency and dura¬ 
tion of the computer’s beep tone, and 
override of the “Reverse Caps Lock” 
keyboard characteristic. The Repeat 
performance program is completely 
flexible and easy to tailor on an ad hoc 
basis for temporary special require¬ 
ments. Repeat Performance version 2.0 
was used for this review. 

Repeat Performance permits 
greater control over several keyboard 
parameters. With this program, the key 
repeat speed (rate at which keys repeat 
when held down) is adjustable be¬ 
tween 1 and 1,000 characters per sec¬ 
ond, the repeat delay (the pause time 
before the key begins repeating) from 
0.10 to 100 seconds, the type-ahead 
buffer size from 15 to 1,000 characters, 
the beep-tone frequency from 50 to 
5,576 Hz, and the tone dun'iion from 
0.01 to 2.5 seconds. For comparison, 
the IBM PC keyboard standard values 


are 11 characters per second repeat 
speed, a 0.50-second repeat delay, a 
15-character t^pe-ahead buffer, an 896- 
Hz beep-tone frequency, and a 0.5- 
second tone duration. 

Repeat Performance also allows 
the assignment of a Turbo Button that 
will temporarily enhance a key’s 
autorepeat speed while the key is 
being held down. For example, key 
repeat may be set at 40 characters per 
second for typing (a relatively fast set¬ 
ting), with a turbo setting of 100 char¬ 
acters per second; pressing the turbo 
key (default to Ctrl, but can be set) 
while a cursor arrow key is held down 
will temporarily increase the repeat 
rate to 100 repeats per second, as long 
as the turbo key is depressed. This al¬ 
lows rapid cursor movement as re¬ 
quired (or the repeat of other charac¬ 
ters such as graphics symbols during 
line-drawing operations) without forc¬ 
ing a compromise between repeat 
speed for typing and cursor movement. 
This feature operates in a natural, intui¬ 
tive manner and can significantly im¬ 
prove productivity for tasks such as text 
or spreadsheet editing. 

Skid Squelch is the term used to 
describe the program characteristic that 
prevents “cursor skid” when an appli¬ 
cation program cannot keep up with a 
key repeat rate; Repeat Performance 
automatically adjusts the key repeat 
speed on the fly to match the pro¬ 
cessing speed of the program, so no 
characters remain in the type-ahead 
buffer when the key is released. Skid 
Squelch worked well with the wide va¬ 
riety* of applications used for testing 
purposes over a three-month period; 
this feature is a must when high repeat 
rates are required. 

For typists who must switch be¬ 
tween typewriters and word processors, 
or for other users who frequently work 
with the CapsLock key on, the IBM PC’s 
reverse CapsLock feature can be irritat¬ 
ing in some situations; with CapsLock 
on, the computer’s shift keys shift the 
character keys to lowercase. With the 
reverse CapsLock characteristic disabled 
by Repeat Performance, the shift keys 
can be used to access the characters 
tliat are not shift-locked (such as the 
special symbols above the number 
keys), without shifting alphabetic char¬ 
acters to lower case. 

Repeat Performance also permits 
special nonkeyboard characters (ASCII 
value entered on the numeric keypad 
with the Alt key depressed) to be re¬ 
peated. The Alt and Shift keys are held 
down while entering the ASCII value. 


tlien the Alt key is released; the charac¬ 
ter will repeat until the Shift key is also 
released. This feature is very useful in 
line drawing and other special charac¬ 
ter editing operations. 

Repeat Performance is installed as 
a device driver rather than as a ter- 
minate-and-stay-resident (TSR) program, 
and default settings are specified as pa¬ 
rameters on the device = line in the 
CONFIG.SYS file. An interface program, 
RP.EXE, communicates with the in¬ 
stalled device driver to make tempo¬ 
rary^ adjustments to the default settings. 
RP.EXE also can be used to control the 
load position of TSRs relative to the 
Repeat Performance device driver to 
ease difficulties that may occur with 
some TSR programs; specific instruc¬ 
tions are included in the documenta¬ 
tion for use with several programs such 
as Quarterdeck’s DESQview and Bor¬ 
land’s SideKick and SuperKey. 

Option parameters included on 
the device-driver line set default values. 
RP.EXE can be used interactively to ad¬ 
just the default values, or new values 
may be passed as parameters on the 
RP.EXE command line. All of the Repeat 
Performance parameters may be ad¬ 
justed by RP.EXE without requiring the 
system to be rebooted. 

RP.EXE provides an easy interface 
for adjusting the repeat speed and 
delay settings; the cursor left and right 
arrows move pointers along scales for 
speed (1 to 1,000 characters per sec¬ 
ond) and delay (100 to 0.10 seconds), 
and a typing area is used to test the 
settings before saving tliem. Similar 
screens are used to set and test the 
turbo speed and key assignment pa¬ 
rameters as well as the beep-tone fre¬ 
quency and duration. 

An installation program named 
RPINSTAL.EXE may be used to copy the 
Repeat Performance programs to a 
hard disk, set the default parameters, 
and generate a device = entry into the 
CONFIG.SYS file (placed on the first 
line, but may be moved with a text edi¬ 
tor). The installation program is not 
required because the CONFIG.SYS 
entry may be made with any editor. 

Repeat Performance is an impres¬ 
sive program. It provides complete 
control over a wide variety of keyboard 
parameters with a powerful, flexible, 
and intuitive user interface. Users who 
spend significant time with word pro¬ 
cessing, spreadsheet, text editor, or 
other cursor-intensive programs can 
realize substantial improvements in 
productivity with little effort. 

—DAVE BROWNING 
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CERTIFICATION 
SEAL 


• Which sales worker was hired last? 
HIREDATE;7/14/8S Jones John 

• What branch is he at, and how 
much is he making? 

LASTNAME: Jones HIREOATE; 7/14/85 
Albany SALARY: 24000 John 


true natural language 
data access or dBASE 


BIIIb: English Language Frontend 

• not copy protected • only $189 
•for PC/XT/AT‘dBase 11 I/I 11 Plus 

• 512K min. RAM • Info: 212 316-9078 

To order, send check/money order: 


ELFSOFT 

210 W 101 NY NY 10025 
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mms-imius-im EKm-scnsiiisi 


HI-SCREEN Xt 

If you program, you must try HI-SCREEN XL ! 

HI-SCREEN XL is the only tool that gives you all of the following 
land much more) whatever programming language you use: 


• Unlimited number of screens & 
windows 

• Overlapping windows for menus, 
data entry, help screens 

• Pull-down, pop-up and Lotus-style 
menus 

• On-line help management 

• Field checking (for type, range, 
format,...) 

• Field by field and/or full screen 
input modes 


• Scrolling capability 

• Full-featured WYSIWYG screen 
editor 

• Redefinable function keys 

• Data entry test mode under the 
editor 

• True ease of use, and . . . 

• Ease of maintenance: modify 
screens without recompiling 
your program. 


/Includes the HI-SCREEN XL Toolbox: 

/• Capture existing screens from other applications 
/ • Trace compiled programs 
/• Print screens with clear data field description 
• Use screens/windows/menus from DOS and Batch files 
' Create titles & logos with predesigned font screens ^ 


Softway, Inc. 

$149 - Risk Free 

PC/Soft Product Line 

Visa, M/C welcome 

500 Sutter St., Suite 222 

Call (800) 338-2852 

San Francisco, CA 94102 

in CA (415) 397-4666 


For PASCAL, C, dBASE, BASIC, COBOL, FOBTRAIil 
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icrb-to-Mainframe 

CONNECTIONS, 


THE WEINER SHELL 

Get Room to Grow 


In today’s information 
age, sharing data 

^ between your mainframe and PC 

is an essential link. Innovative Data 
Technology’s 1/2-inch, 9-track tape 
subsystems feature the new “LEO” Intelligent 
tape controller for the IBM-PC/XT/AT and 
compatibles including the new 386 PC’s. These allow 
users to write and read 7 or 9 track, industry standard tapes 
- in densities of 200/556/800/1600/6250 bpi with either ASCII or 
EBCDIC codes compatible with most mini’s and mainframes. IDT 
offers a complete DOS software package of user friendly window 
software utilities with help screens that will enable you to move your 
mainframe data to your PC. Included are: file transfer utilities for both 
IBM labeled or unlabeled tapes, format and dump utilities, 
and a comprehensive backup/restore utility. IDT also has software 
support for XENIX and PICK operating systems. 

IDT manufactures magnetic 
tape drives and controllers 
offering a single vendor 

solution for your data v 

interchange requirements, 

For more information, ^ r^HHl 

contact us today. \ 


• Users can add their own functions to C, BASIC, PASCAL, LOTUS, 
WORDSTAR, dBASE & most other programs on the market, 

• Custom-design memory-resident windows, menus, screens & 
utilities. 

• Easily set up your own context-sensitive help screens and light-bar 
menus. 

• Run Shell programs without leaving your application. 

• Execute Shell programs automatically, at timed intervals, or with 
interrupt-driven serial conditions. 

• 60K memory required. Supports up to 8M bytes of Lotus-Intel 
memory. 

• Customization available. 

• $199 (includes limited no-royalty agreement). 


THE FIRST MEMORT-RESIDENT 
PROGRAMMING LANGUAGE 




5340 Eastgate Mall • San Diego, CA 92121 
(619) 587-0555 • TWX: (910) 335-1610 
Regional Offices: 

Eastern: (609) 596-4538 
Western; (714) 968-8082 

.DOS/XENIX/PiCMBM are registered trademarks of Microsoft/PICK/IBM respectively. 


miCROPROdUCtS 

P.O. Box 10087/Silver Spring, MD 20904/(301) 384-6868 


INNOWriVE 

DATA 

TECHNOLOGY 
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Interactive^'; 

quality 

control • Spe« 

chemical ^ 

■’?" aI 

Coinpoter 


KADAK’S 
engineers bring 
years of practical real-time 
experience to this mature 


MULTI-TASKING SYSTEM 

(version 2.0) 

for the IBM® PC, PC/XT and PC/AT 


No royalties 
IBM PC DOS® support 
C language'support 
Preemptive scheduler 
Time slicing available 
Source code of the 
C interface and device 
drivers is included 


Intertask message 
passing 

Dynamic operations: 

- task create/delete 

- task priorities 

- memory allocation 
Event Manager 
Semaphore Manager 


AMX86 “ operates on any 8086/88, 80186/88, 80286 system. 


Demo package $25 US 

Manual only $75 US 

AMX86 system $2195 US 

(shipping/handling extra) 

Also available for 8080, Z80. 68000 


KADAK Products Ltd. 

206-1847 W. Broadway 
Vancouver, B.C., Canada 
-- V6J1Y5 

Telephone: (604) 734-2796 
Telex: 04-55670 




INTERACTIVE MICROWARE, INC. 

POB 139, state College, PA 16804 
Phone: (814) 238-8294 • Telex 705250 
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K-SySTCmS.Inc. 

3902 Lilac, Las Cruces, NM 88005 
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CGA OVER VIDEO 

* Inserts on*l^rd CQA^utput into RSI70/MTSC video 

* Works with unmodified CGA softwaire/BIOS 

* OutputSj::rnQnitbr-^r'^ 

* XT and1\Ttompatible ' 

* Switchable genlock/normal “ 

(WLY $600 — AVAIIABI-E NOW! f ! 


Contact: (505) 526-3209 

Telex: (WUI) 650276972/Ansbk.: MCI 

MC/VISA 


Video out- 
Video in- 
Genlock switch- 
Printe^/RGB- 


Photo of 
VO-CGA 
genlocking 
to camera 
and inserting 
into camera 
signal. 


DOUBLE FEATURE! 


OraphiO 

can plot your 
data in 
publication 
quality 


Fhoanei titagroh 


on your IBM PC 

•linear, log, polar, contour plots 
•bar charts, Smith charts 
•3D curves, 3D surfaces 
•6 curve types, 8 markers 
•14 fonts, font editor 
•4096x3120 resolution 
•zoom, pan, window plots 
•high resolution printer and plotter 
dumps in color 

Over 150 C and Assembler 
routines for full control 


VTEK ™ 

DEC™ VT100A/T52 
and Tektronix™ 
4010/4014/4105 
Terminal Emulator 

•20 smart user-defined keys 
•text scroll back buffer 
•hardware 132 columns 
•Kermit and XMODEM 
•up to 800x600 screen resolution 
on EGAs 

•zoom, pan, window plots 
•''/]o//ce/'to DOS 
•enhanced keyboard support 
•ANSII extensions to VT100 for 
multi-color text 
•scrolling VT100 window on 
graphics screen 

$150. Site and source code 
licenses available 
MOST HARDWARE IS 
SUPPORTED 

s-£D/r™ 


$395 with source code I Our new binary editor for program- 
Forpersoiwl use only | 

SclBtiflflc Endeavora Carparaffan 


Route 4, Box 79 Kingston, TN 37763 (615) 376-4146 


KSI 




^atography • 
curve ^ More for 

5ted worldwide Applications. 

ids of clients W j |-'^P^ ■■ rT 


=ms INTERACTIVE MICROWARE Psii. 

@ 7 / 


i Jy J] // ® 

A I / / registered trademark of 

I I ' ‘ / / International Business Machines Corp: 

I / Apple is a registered 

/ trademark of Apple Computer, Inc. 

IBM 80 PAGES 224 PRODUCTS APPLE 80 PAGES 303 PRODUCTS 
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NEED IT FAST? 
WANT TO KNOW MORE? 
DON’T HAVE TIME TO 
SHOP AROUND? 


INTRODUCING 


• • • 


I f you’re like most system pro¬ 
fessionals you’re up-to-date 
about the products in the PC 
marketplace. You’re aware of 
brand and model differences, are 
informed about connectivity and 
compatibility problems, and you 
shop for competitive prices and 
fast service. 

You’re also probably among the 
many PC TECH JOURNAL readers 
who purchase by mail. That’s 
why we’re starting THE MART— 
PC TECH JOURNAL’S First Class 
Mail-Order Section. 

Starting this month, and every 
month hereafter, you’ll find the 
products you’re looking for 
advertised in THE MART—and 
you’ll benefit from the fast 
service and helpful support that 
identifies PC TECH JOURNAL 
advertisers. 

If you’re ready for First Class 
service, you’re ready for THE 
MART. 



FIRST CLASS MAIL ORDER SECTION! 


AST ADVANTAGE W/128K.$365 

VID0 7VEGAEGA .$425 

GENOA SPECTRUM.$295 

FORTE PJ.$875 

INTERNAL HARD DISKS FOR THE AT 
SEAGATE USED BY IBM 

PRIAM 40 MB.$1195 

PRIAM 60 MB.$1395 

RODIME20 MB.$595 

RODIME32 MB.$695 

CORE 20 MB 'F".$1195 

CORE 30 MB’ F”.$1395 

CORE 40 MB.$1795 

CORE 56 MB.$2595 

CORE 7? MR _ 


9 reflects quentity purche 


SEAG/ 

SEAG/ 

seag; 


LASER 
128 Ab 

|uir 

unde 


■Plot’s enha 
Itor softwar 
lompatibles 


HOT" NEUIPRODUC 


(25 HS) 


unlock ALBUM 

$49.95 


"A” 


• LOTUS 1-2-3^“ (i.A. 1.A-. 2.0) 

• dBASE lir“ (1.0, 1.1, 1.2 & PLUS) 

• FRAMEWORK"” (i.o, i.i. ii) 

• SYSTAT” (1.3 4 2.0) 

• SPOTLIGHT” (1.0 4 1.1) 

• GRAPHWRITER"” (4.3 4 4.3i) 

• REALIA COBOL"” ( 1 . 2 . 2 . 0 ) 


NB^HT. 

IB F. HT. 

BF.HT • (25 MS) 


) dppcdi lu a 

■DEC VT-100/VT-52. a Retrog 
lo. a Tektronix 4010/4014 or 
ll Tektronix 4027. Over 12,0 
Ijrrently in use v/orld-wide at 
■rations, educational facilities 
lind independent consulting 

liore information call toll free 


(25 MS) 


ir AMERICA’S 

★ 

LOWEST PRICES 

ARE EVEN LOWER NOW!!! 

IBM XT 256K/1 Dr '20 MB 

2250 

IBM XT 256K/1 Dr./30 MB 

2299 

IBM AT r2K/20 MB 

3895 

IBM AT 512K/30 MB 

3995 

Compaq Desk Pro-1 128K/1 Dr. 

1699 

Compaq Portable 256K/2 Dr 

1650. 

AST 6 PAK w/384 K/Advanlage 

259/369 

MCI MSC W/384K 

175 

Samsung/PGS Max 12 

109/169 

Princeton HX 12/E 

435/535 

Hercules Color Card/Monochrome graphic 150/299 

Hayes 1200B w/SW 

349 

1 US Robotics Courier 2400 

419 I 

★ SPECIALS 

★ 


1 MR Harfl OkU 


= PEF n iNTROniiriNr. 


iJunilgh Perfo; 
Drive Subsysle 

DRIVE PEI 

j Configuration 


Ar' C'TI't™ Comp'e'® 
flo I /^ Forecasting 
System 


IM-AT SPEEI 


Ithe industry's recognized leader in High Performance Sp€. 
lave performed extensive research and developed unmatc: 
1 field. Our products offer the COMPLETE solution. 


IXCELX -Switch from five frequencies including the stand 
|l2HMz. Uses reliable frequency synthesis to allow compote I 
■with all IBM ATs including the TYPE 2 and Model 239 — 

I Mil-Spec Crystals-The famous Ariel cyrstols. Choose from! i 

116-17-18-19-20-21-22-23-24 MHz. 

I FAST 80286-1 0-Micro-processor for 20-24 MHz speeds . 

I FAST RAM-For System Board 128K 120 & lOO NS. 

I FA.<T DAM-Fnr ftyrvin.sinn hoard 256K 120 h lOO NS. 


For marketing, planning, financial 
and forecasting professionals: 

' ■ Has> 10 use menus with on-.screen help 
I aci lilies 

■ Most often used forecasting methods 

■ Popular spreadsheet interfaces 

■ Outstanding color graphics 

■ Fast RAM-based program 

■ Thoroughly tested and numerical!) 

accurate _ 

■ F.xponential smooth 

■ Step-wise and robusi 
capabilities 

■ Macro language for 
applications 

■ Full documentation 

Only: S.^50 Demo 1 

4CaST/2\: includes a f 
version of the C'ensus’.X 
Only: S595 Demo 1' 

Both versions run on IB 


IB for AT 
ISA MC AMEX COD PO 


389 

479 

559 

895 

775 

379 

360/499 

539 

575/675 


ffpmpivpi 




“Top Sellers Series ’ 
UNIock DISK “NO. 101” 


$14.95 


(Plus S4 ship/handling 
Foreign orders 39l 


I f\ I 

ind comnalihles. These nrourams arc not 


LOTUS 1-2-3" 

(I.A, I.A*. 2.0) 

“Top Seller Series” 
UNIocks individual 
best selling programs 
at a special low pricel 



























































dBASE™ 

Clipper™,Quicksilver™ 
or FoxBase™ Users 

You Need 
dANALYSn 


As a programmer you know 
that time saved In debugging 
and documenting is extremely 
valuable. It saves you $$ and 
helps you meet deadlines. 
TranSec’s dANALYST Is an inex- 
penslve and easy-to-use 
programmer's development 
utility for dBASE^ , Clipper,™ 
Quicksilver™, or FoxBase™ 
applications. 

Unique to dANALYST, is its 
ability to add record-locking 
and file-locking commands to 
convert existing Dbase pro¬ 
grams creating true multiuser 
applications. It can also save 
you time and frustration by per¬ 
forming; 

• syntax checks 

• variable cross reference and 
type listings 

• structure charts 

• blocking analysis 

•.CLP files for Clipper 

•.RSP files for Quicksilver 

•.LNK files for PLinkSe and 

much much more 

A particularly nice feature pro¬ 
duces a DOS batch file that 
backs up all program and data 
files to a floppy disk. 

dANALYST is just $94.95 
plus $5.00 shipping & handling 
in the U.S.. $15.00 Foreign. 

To Order Today; 

1-800 423-0772 

Florida Residents call: 

(305) 276-1500 

TranSec Systems, Inc. 

220 Congress Park Drive 
Suite 200 

Delray Beach, Florida 33445 

‘Trademarks are the property of their respective owners. 


==EyTE- 
C€NNECTI€N INC. 

D€TTeM LINE 
PRICE ECSTEPS! 

★ ★ ★ PERSONAL COMPUTERS ★ ★ ★ 


IBM Personal System/2 Model 30-002, _$1395 

IBM Personal System/2 Model 60-041.$4395 

IBM AT #339, 1.2 Floppy. IBM 30 MB. K.B .$3675 

COMPAQ DESK PRO 286, (12 MH) .$2250 

COMPAQ DESK PRO 386, w/1 2 FI.. 40 MB. .. $4925 
COMPAQ PORTABLE III Model 20,.$4349 


UBM IV (AT Compatible), W/640K. 1.2 Floppy. 

20 MB. K.B.$1895 

AST 286, W/512K. 1.2 Floppy. Keyboard.$1649 


★ ★ ★ PLOTTERS ★ ★ ★ 

CALCOMP 1043 (A - E).$6995 

CALCOMP 1044 (A-E, Roll).$10997 

HI DMP56A{A- E).$4549 

HI DMP 51/52 (C - D).$3575 

HI DMP41/42 (C-D).$2549 

HP Color Pro 7440 (A, 8).$ 995 

HP 7475 (A - B, 6 Pen).$1495 

HP Draft Pro 7570 (C - D, 8 Pen).$4495 

HP 7580B (A - D, 8 Pen).$7695 

10 LI N E LP3700 (A-E).$3149 

10 LINE LP4000(A- E).$4195 

ROLAND DXY- 990 (A - B, 8 Pen).$1599 


★ ★ ★ DIGITIZERS ★ ★ ★ 

CALCOMP 12 X 12.$ 709 

CALCOMP 44x60 .$5099 

GTCO 12x12.$ 525 

GTCO 24x36 .$2450 

HITACHI 15x15.$1395 

KURTA12 X 12.$ 580 

KURTA 12x17.$ 675 

SUMMAGRAPHICS 12x12 .$ 415 

SUMMAGRAPHICS 12 x17.$ 719 


★ ★ GRAPHIC CONTROLLERS & MONITORS ★ ★ 

NEC JC-1401 & VEGA DELUXE,.$ 920 

MITSUBISHI 6922PLPK & ARTIST 1, 

(1024 X 7681).$3195 

HITACHI CM - 2073B & ARTIST 10/16, .... $4349 

BNW15I (1024 x 10241) .$1245 

VMI 88 25 (1024 x SOON) .$2245 

ARTIST 10 (1024 x 768N) .$2275 

PHOTON (1024 X 51 2N) 800-F.$ 975 


SPECIALS OF THE MONTH 
• CAD SYSTEM, AST 1 Meg, 44 MB, 
80287, Ega, NEC 1401, Autocad, Summa- 
graphics 1201, HI DMP 40.$7395 


• DESKTOP PUBLISHING, AST Prempubi 
Model 140 with Scanner and 
_ Turbo Laser.$7599 _ 

★ ★ ★ SOFTWARES ★ ★ 


AUTOCAD 2.6.$2299 

Other CAD Software.CALL 

Computer Associate, A/R. A/P. G/LI/G... Each $ 429 

VENTURA Desktop Publishing S/W.$ 625 

Lotus.$349 Wordstar R4.$285 

CYMA Med.. Dent.. Ortho. Chiro. (Comp. Pkg.) .$1625 


★ ★ ★ PRINTERS ★ ★ ★ 

HEWLETT-PACKARD SERIES II.$1749 

OKIDATA LASER PRINTER.$1549 

NCR LASER PRINTER.$1845 


BROTHER HR 40, with Sheet Feeder .$ 675 

FUJITSU 2200 .$ 479 

NEC P6.$ 490 

OKIDATA 193 + .$ 479 

TOSHIBA P341e.$ 725 


★ ★ HARD DRIVES & BACK UP SYSTEMS ★ ★ 

PRIME VI50, 44 MB.$ 675 

ARCHIVE 60MB TAPE B/U.$ 695 


CALL FOR WHAT IS NOT LISTED, 

WE GUARANTEETHAT YOUR CALL WILL NOT BE 
A WASTE. LEASING AVAILABLE. 

No charges for testing and configuring equipment. 
Prices and availability subject to change 
without notice. 

( 714 ) 778-6496 

Telex: 5101011636 
167 West Cerritos Ave. 
Anaheim, CA 92805 
Open 8 - 5 PST 


PROTEa 
VMIR COMES 
OF 


O 

OURNA 


jj 

Make your collection of PC Tech 
Journal a handsome addition 
to your office or home—and pro¬ 
tect and organize them for easy 
reference! 


PC Tech Journal Magazine 
Binders and cases are made of 
durable luxury-look leatherette 
over quality binder board. Custom 
designed for PC TECH JOURNAL, 
every order receives FREE transfer 
foil to mark dates and volume 
numbers. 


FOR FAST SERVICE CALL 
TOLL-FREE 1-800-972-5858 


MAGAZINE BINDERS 

Hold your 
issues on 
individual 
snop-on 
rods. $8.95 
each; 3 for 
$25.75; 6 for $48.75. 

OPEN BACK 

Store your copies for 
individual reference, 
each; 3 for $22.95; 6 


P.O.Box 5120 

JOURNAL Philadelphia, PA 19141 

Please send □ Binders □ Cases Quantity_ 

Payment enclosed $_* Add $1 per order for 

postage & handling. (Outside USA, add $2.50 per unit 
ordered, US currency only.) 

Charge my: 

□ Amex □ Visa □ MC (Minimum order $10.) 

Card No-Exp. Date_ 

Mr./Mrs./Ms_ 

pleose print full name 

Address_ 

City_ 

State_Zip_ 

*PA residents add 6% sales tax. 
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Well Match Any Nationally Advertised Price 


TURBO PASCAL ADD-ONS 


NEW PRODUCTS 

PI EDITOR—Lightning fast editor with all the fea¬ 
tures of today s ntost popular programmer’s editors 
and more. Among Pi’s 200+ commands and features 
are support for unlimited windows in any size, scroll¬ 
ing of windows simultaneously, background printing, 
and multiple file support. PI also has extensive lan¬ 
guage support for Assembly, Basic, C. and Pascal. 
Single stroke compile, and see vour source and com¬ 
pilation errors simultaneously. Much more, and PI 
benchmarks faster than our leading selling editors. 
List: $195 Ours: $155 

RTC PLUS—Translator for converting either FOR¬ 
TRAN or RATFOR to C. No need to hand translate 
most of your code. RTC PLUS is perfect for translat¬ 
ing FORTRAN libraries, and any FORTRAN code 
where I/O is concentrated in a few routines. 

List: $450 . Ours: $399 

JYACC APPLICATION MANAGER (JAM)— 
Powerful application generator for creating, testing 
and modifying forms and windows. A unique applica¬ 
tion shell is created to create, and then specify 
control flow between the screens and windows. 

List: $750 Ours: $679 

THE AUTOMATED PROGRAMMER —Program¬ 
ming system for numerical computation that enables 
a computer to recognize and process mathematical, 
engineering, and scientific problem specs. Computa¬ 
tional formulas are translated into FORTRAN. The 
AUTOMATED PROGRAMMER offers a range of 
output choices from structured reports to pictures. 
Computational results may be embedded in complex 
2D text and graphic “IMAGE” formats. 

List: $995 Ours: $895 


META 

W«C»W 


fC-SPWTEl 


Programmer's Paradise Gives You Superb Selection, 
Personal Service and Unbeatable Prices! 

Welcome to Paradise. The microcomputer software source that caters to your programming needs 
Discover the Many Advantages of Paradise... 

• Lowest price guaranteed . ♦ Huge inventory, immediate shipment ♦ Special orders 

• Latest versions • Knowledgeable sales staff • 30-day money-back guarantee 

Over 500 brand-name products in stock—if you don*t see it, call! 


LIST OURS 


LIST OURS 


LIST OURS 

595 4 55 

345 269 

395 315 

295 239 

650 519 

250 169 

750 595 

CALL CALL 
249 219 


386 SOFTWARE 
ADVANTAGE 386 C 
ADVANTAGE 386 PASCAL 
PH ARLAP 3861ASM/LINK 
MICROPORT SYSTEM/386 
386 SCO XENIX SYS V COMPLETE 


LET’S C W/CSD DEBUGGER 
MICROSOFT C 
QUICKC 
TURBO C 


XTRIEVE/N 
REPORT OPTION/N 
C-TREE 

R-TREE 

C-TREE/R-TREE BUNDLE 
DBC III 
DBC III PLUS 
INFORMIX PRODUCTS 
PHACT MANAGER 


895 805 

895 805 

495 419 

799 699 

1495 1195 


SCREEN SCULPTOR 
SYSTEM BUILDER 

IMPEX 

REPORT BUILDER 
TURBO. ASM 
TDEBUGPLUS 
TURBO ASYNCH PLUS 
TURBOEXTENDER 
TURBOHALO 
TURBOMAGIC 
TURBO MASTER 
TURBO NUMERICAL METHODS 
TURBO OPTIMIZER 
TURBO POWER TOOLS PLUS 
TURBOPOWER UTILITIES 
TURBOWINDOW/PASCAL 


C INTERPRETERS 
C-TERP 
INSTANT C 
RUN/C 

RUN/C PROFESSIONAL 


ARTIFICIAL INTELLIGENCE 
ARITY STANDARD PROLOG 
GOLDEN COMMON LISP 
MICROSOFT LISP 
PC SCHEME 
SMALLTALK V 
TURBO PROLOG 
TURBO PROLOG TOOLBOX 


EDITORS 

BRIEF 

W/DBRIEF 

CVUE W/SOURCE CODE 

EDIX 

EMACS 

EPSILON 

KEDIT 

PC/EDT 

PC/VI 

Pi 

PMATEPRO 

SPF/PC 

VEDITPLUS 

XTC 


C LIBRARIES 
ASYNCH MANAGER 
BASIC_C 

C-FOOD SMORGASBORD 
W/SOURCE CODE 
C TOOLS PLUS 
C UTILITY LIBRARY 
C-XPERT 

ESSENTIAL COMMUNICATIONS 
COMMUNICATIONS PLUS 
GREENLEAF FUNCTIONS 
GREENLEAF COMM LIBRARY 
GREENLEAF SAMPLER (TURBO C) 
MULTI-C 
PFORCE 

RESIDENT C W/SOURCE 
TIMESLICER 
W/SOURCE CODE 
TURBO C TOOLS 


195 CALL 
275 CALL 
250 199 

195 155 

295 265 

195 149 

125 99 

250 229 

149 109 

195 155 

195 109 

195 145 

185 129 

99 79 


175 135 

175 129 

150 95 

300 179 

175 135 

185 119 

295 249 

185 125 

250 189 

185 125 

185 125 

95 79 

149 135 

295 209 

198 CALL 
295 265 

1000 895 

129 99 


ASSEMBLERS/LINKERS 
ADVANTAGE DISASSEMBLER 
ADVANTAGE LINK 
ASMLIB 
EZ_ASM 

MICROSOFT MACRO ASSEMBLER 

PASM86 

PLINK86PLUS 

QUELO 68000 X ASM 

RELMS CROSS ASSEMBLERS 

UNIWARE CROSS ASSEMBLERS 

VISIBLE COMPUTER 80286 


295 265 

395 359 

149 125 

70 65 

150 95 

195 109 

495 275 

545 509 

CALL CALL 
CALL CALL 
100 89 


SCREEN DISPLAY/WINDOWS 
C-SCAPE 

CURSES W/SOURCE CODE 
GREENLEAF DATA WINDOWS 
W/SOURCE CODE 
JYACC FORMAKER 
JYACC JAM 

MICROSOFT WINDOWS 

MS WINDOWS DEVELOPMENT KIT 

PANEL 

PANEL PLUS 

PANEL/QC 

PANEL/TC 

QUICKSCREEN 

SCREEN ACE 

SCREENSTAR W/SOURCE 

VITAMIN C 

VC SCREEN 

WINDOWS FOR DATA 

VIEW MANAGER 

ZVIEW 


279 CALL 
250 169 

225 155 

395 289 

995 449 

750 669 

99 65 

500 309 

295 215 

495 395 

129 95 

129 95 

195 175 

195 169 

198 155 

225 165 

99 85 

395 315 

275 199 

245 169 


FORTRAN COMPILERS 
LAHEYFORTRAN 
LAHEY PERSONAL FORTRAN 77 
MICROSOFT FORTRAN 
RM/FORTRAN 


477 CALL 
95 89 

450 269 

595 399 


BASIC 

BETTER BASIC 
DB/LIB 
MACH 2 

MS QUICKBASIC 
TRUE BASIC 
TURBO BASIC 
DATABASE TOOLBOX 
EDITOR TOOLBOX 
TELECOM TOOLBOX 


COBOL 

FPLIB 149 129 

MICRO FOCUS COBOL PRODUCTS CALL CALL 

MICROSOFT COBOL 700 4 39 

MICROSOFT SORT 195 129 

REALCICS 995 785 

REALIA COBOL 995 785 

W/REALMENU 1145 899 

RM/COBOL 950 759 

RM/COBOL-85 1250 999 

RM/SCREENS 395 315 

SCREENIO 400 CALL 


FORTRAN UTILITIES/LIBRARIES 

ACS TIME SERIES 

DOCUMENT’ER 

DIFF-E-Q 

FORTLIB 

FORTRAN ADDENDA 
GRAFLIB 

GRAFMATICS/PLOTMATICS 

MATHPAC 

NO LIMIT 

SSP/PC 


XENIXAJNIX PRODUCTS 

SCO XENIX SYSTEM V-COMPLETE 1495 1195 

SCO XENIX OPERATING SYSTEM 695 559 

MICROPORT SYSTEM V/AT 549 475 

MICROPORT SOFTWARE DEV. SYS. 249 209 

OTHER SCO & MICROPORT CALL CALL 

ADVANTAGE C++ 695 CALL 

BTRIEVE 595 455 

C-TERP 498 379 

INFORMIX ESQL/C 749 CALL 

INFORMIX 4GL 1500 CALL 

INFORMIX SQL 995 CALL 

MICROSOFT LANGUAGES CALL CALL 

PANEL 625 535 

PANEL PLUS 795 675 

REAL TOOLS 149 89 

RM/COBOL 1250 949 

RM/FORTRAN 750 549 


ADDITIONAL LANGUAGES 

ACTOR 

HS/FORTH 

JANUS/ADA C PACK 

LATTICE RPG II COMPILER 

MASTER FORTH 

PC/FORTH 

PERSONAL REXX 

THE WEINER SHELL 


GRAPHICS 

ADVANTAGE GRAPHICS (C) 
ESSENTIAL GRAPHICS 
GSS GRAPHIC DEV. TOOLKIT 
HALO 

HALO (5 MICROSOFT LANG.) 
METAWINDOW PLUS 
TURBOWINDOW/C 
TURBO HALO (FOR TURBO C) 


DEBUGGERS 
386 DEBUG 
ADVANCED TRACE-86 
BREAKOUT 
C-SPRITE 
PERISCOPE I 
PERISCOPE II 
PERISCOPE III 8 MHZ 
PERISCOPE III 10 MHZ 
PFIX 86 PLUS 
T DEBUG PLUS 
XVIEW86 


ADDITIONAL PRODUCTS 
ADVANTAGE VCMS 
BASTOC 

CARBON COPY PLUS 
CODESIFTER 

DAN BRICKLIN’S DEMO PROGRAM 
DB2C 

FLOW CHARTING II 
MAGIC PC 
NORTON GUIDES 
PFINISH 

POLYTRON PVCS ( 

SOURCE PRINT 

TP2C 

TREE DIAGRAMER 
VENTURA PUBLISHER 


379 329 

495 CALL 
195 179 

119 85 

I 75 59 

299 CALL 
229 205 

195 179 

100 65 

395 225 

CALL CALL 
95 75 

249 199 

77 69 

895 CALL 


DISK/DOS/KEYBOARD UTILITIES 
BACK-IT 
BOOKMARK 
COMMAND PLUS 
INTELLIGENT BACKUP 
NORTON COMMANDER 
ADVANCED NORTON UTILITIES 
PDISK 


MODULA-2 
FARBWARE MODULA-2 
LOGITECH MODULA-2 
APPRENTICE PACKAGE 
WIZARD PACKAGE 
MAGIC TOOLKIT 
WINDOW PACKAGE 
ROM PACKAGE AND CROSS 
RUNTIME DEBUGGER 
REPERTOIRE 


C+ + 

ADVANTAGE C+ + 
PFORCE + + 


C COMPILERS 

C86PLUS 497 375 

DATALIGHTOPTIMUM-C 139 105 

HIGH C 595 CALL 

L/^TTICEC SPECIAL PRICE 500 CALL 


FILE MANAGEMENT 
BTRIEVE 
XTRIEVE 
REPORT OPTION 
BTRIEVE/N 


OPERATING SYSTEMS 
MICROPORT SYSTEM V/AT 
(COMPLETE) 


Terms and Policies 

• We honor MC, VISA, AMERICAN EXPRESS 
No surcharge on credit card or C.QD. Prepayment by 
check. New York State residents add applicable sales 
tax. Shipping and handling $3.00 per item, sent UPS 
ground. Rush service available, prevailing rates. 

• Programmer's Paradise will match any current nation¬ 
ally advertised price for the products listed in this ad. 

• Prices and Policies subject to change without notice. 

• New Extended Hours 9AM EST—7PM EST 
*Ask for details. Some manufacturers will not allow 

returns once disk seals are broken. 

Corporate Buyers—Call for special 
discounts and benefits! 


1 - 800 - 445-7899 

In NY: 914-332-4548 

Customer Service: 

914 - 332-0869 

International Orders: 

914 - 332-4548 
Telex: 510 - 601-7602 


A Division of Hudson Technologies, Inc. 

42 River Street, Tarrytown, NY 10591 
CIRCLE NO. 173 ON-READER SERVICE CARD 


ALICE 

95 

69 

DOS/BIOS & MOUSE TOOLS 

75 

69 

FLASH-UP 

89 

79 

GSI PASCAL DEBUGGER 

50 

45 

METRABYTE DATA ACQ. TOOLS 

100 

89 



LIST 

OURS 

SCO XENIX SYSTEM V 

(COMPLETE) 

1295 

995 

WENDIN-DOS 

99 

79 

OTHER MICROPORT. SCO. 
WENDIN PRODUCTS 

CALL 

CALL 

PASCAL COMPILERS 

MISCROSOFT PASCAL 

300 

185 

PASCAL-2 

350 

329 

TURBO PASCAL NEW V. 4.0 100 

65 

TURBO PASCAL DEV LIB 

NEW 395 

259 











'‘Editor 


LS ftM|‘-56 

^Romisk 


When your product or company is 
covered by this magazine, you can order 
custom designed reprints* for use in pro¬ 
motional mailings, sales kits, press releases 
and point-of- purchase displays. 

For more information on how you can 
take advantage of this wonderful promo¬ 
tional opportunity, call or write; 

Jennifer Locke— Reprints Manager, 
Ziff-Davis Publishing Company, 

One Park Avenue, New York, NY 10016 
212-503-5447. 

‘Minimum quantity—500 reprints. 


"T -.v-: / ■ 






CANADA'S SOURCE 
FORC 


Compilers • Utilities & Aids • Editors 
Interpreters • De-Bugging Tools 
File Access Systems • Graphics 


SVZTIEC 




Lattice 


LIFEBOAT 


Complete Line of Programming Development Tools 
Full Service and Support - Fast Delivery 

CORPORATE DISCOUNTS 

VISA 

(416) 449-9252/5 

SCANTEL SYSTEMS LTD. 

801 YORK MILLS RD.. 201, DON MILLS, ONT MSB 1X7 


GOOD STORY 
IS WORTH 




Especially if it's about your product! 


Why let your story remain hidden in a 
back issue of one of the world’s leading 
computer magazines? 

Let us take your article to its highest 
level of marketing potential with 
a reprint! This is one of the most valu¬ 
able marketing tools you have on hand 
because: 

■ It represents unbiased coverage of 
your product by America’s leading 
computer magazine! 

■ It clearly discusses your products 
features and capabilities! 

■ It is one of the most effective 
ways of telling your story to new 
customers, retailers, jobbers and 
distributors. 

To find out how you can have your arti¬ 
cle or review elegantly reprinted* * on 
80 lb. paper stock, in 4-color, 2-color or 
1-color, call or write today: Jennifer 
Locke—Reprints Manager; Ziff-Davis 
Publishing Company, One Park Avenue, 
New York, NY 10016, 212-503-5447. 

* ^Minimum quantity 500 reprints. 


- year />, 
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Your 80386-based PC runs at least 
twice as fast as your old AT. This is good, 
but not great. The products described 
below will unleash the true potential of 
your 80386, giving you 4 to 16 times the 
power of your old AT. These new Micro- 
Way products include a family of 80386 
native code compilers and the mW1167 
numeric coprocessor. 

Examples of the increases in capacity 
and performance include: 

• Programs compiled with MicroWay 


NDP Fortran-386 execute 2 to 8 times 
faster than those compiled with existing 
16-bit Fortrans. NDP Fortran-386 can 
also address up to 4 gigabytes of 
memory instead of the standard 640 
kbytes. MicroWay’s NDP compilers 
and the programs they generate run on 
MS-DOS or Unix V. 

• NDP Fortran-386 generates code for 
the. 80287, 80387 or MicroWay’s 
mW1167. The mW1167 has a floating 
point throughput exceeding 2.5 mega¬ 


flops, which is 4 to 5 times the through¬ 
put of an 80387 and is comparable to 
the speed achieved by the VAX 8600. 

Equally important, whichever Micro- 
Way product you choose, you can be 
assured of the same excellent pre- and 
post-sales support that has made Micro- 
Way the world leader in PC numerics 
and high performance PC upgrades. 
For more information, please call the 
Technical Support Department at 
617-746-7341 



MicroWay 




80386 Support 


MicroWay 80386 Compilers 

NDP Fortran-386 and NDP C-386 are globally 
optimizing 80386 native code compilers that 
support a number of Numeric Data Processors, 
including the 80287,80387 and mVV1167. They 
generate mainframe quality optimized code and 
are syntactically and operationally compatible to 
the Berkeley 4.2 Unix f 77 and PCC compilers. 
MS-DOS specific extensions have been added 
where necessary to make it easy to port pro¬ 
grams written with Microsoft C or Fortran and 
R/M Fortran. 

The compilers are presently available in two 
formats: Micropcrt Unix 5.3 or MS-DOS as ex¬ 
tended by the Phar Lap Tools. MicroWay will port 
them to other 80386 operating systems such as 
OS/2 as the need arises and as 80386 versions 
become available. 

The key to addressing more than 640 kbytes 
is the use of 32-bit integers to address arrays. 
NDP Fortran-386 generates 32-bit code which 
executes 3 to 8 times faster than the current 
generation of 16-bit compilers. There are three 
elements each of which contributes a factor of 2 
to this speed increase: very efficient use of 
80386 registers to store 32-bit entities, the use of 
inline 32-blt arithmetic instead of library calls, 
and a doubling in the effective utilization of the 
system data bus. 

An example of the benefit of excellent code is a 
32-blt matrix multiply. In this benchmark an NDP 
Fbrtran-386 program is run against the same 
program compiled with a 16-bit Fortran. Both 
programs were run on the same 80386 system. 
However, the 32-blt code ran 7.5 times faster 
than the 16-bit code, and 58.5 times faster than 
the 16-bit code executing on an IBM PC. 

NDP FORTRAN-386^^.$595 

NDP C-386'^.$595 


MicroWay Numerics 

The mW1167^*' is a MicroWay designed high 
speed numeric coprocessor that works with the 
80386. It plugs into a-121 pin “Weitek” socket 
that Is actually a super set of the 80387. This soc¬ 
ket is available on a number of motherboards 
and accelerators including the AT&T 6386, 
Tandy 4000 and MicroWay Number Smasher 
386 (Jan. ’88). It combines the 64-blt Weitek 
1163/64 floating point multiplier/adder with a 
Weltek/Intel designed “glue chip”. The 
mW1167'"' runs at 3.6 MegaWhetstones (com¬ 
piled with NDP Fortran-386) which is a factor of 
16 faster than an AT and 3 to 5 times faster than 
an 80387. $1495 

Monoputer'"' - The INMOS T800-20 Trans¬ 
puter is a 32-blt computer on a chip that features 
a built-in floating point coprocessor. The T800 
can be used to build arbitrarily large parallel pro¬ 
cessing machines. The Monoputer comes with 
either the 20 MHz T800 or the T414 (a T800 
without the NDP) and includes 2 megabytes of 
processor memory. Four or more Transputers 
can be easily linked together to form a Quad- 
puter. A single T800 is comparable in speed with 
an mW1167-equipped 80386. The compilers to 
drive one or more Monoputers include Occam, 
C, Fortran, Pascal and Prolog. 

Monoputer T414-20^ .$1495 

Monoputer T800-20^ .$1995 

Biputer'"' T800/T414^.$4995 

Quadputer'"' 7414-20^.$6995 

^ Includes Occam 2 includes TDS 

80287 ACCELERATORS 

287Turbo-10.$450 

287Turbo-12.$550 

287TurboPlus-12.$629 


80386 Multi-User Solutions 

AT8'“ -This intelligent serial controller is designed 
to handle 8 users (16 with two boards) in a Xenix 
or Unix environment with as little as 3% degrada¬ 
tion in speed. It has been tested and approved by 
Compaq, Intel, NCR, Zenith, and the Department 
of Defense for use in high performance 80286 
and 80386 Xenix or Unix based multi-user 
systems.$1299 

MicroPort Unix 5.3 is a port of the new Unix 5.3 
to the 80386. MicroWay NDP-386 compilers 
currently run on this version of UNIX. 
MicroPort Unix 5.3.from $399 

PC-MOS-386'"' is an 80386 operating environ 
ment that turns an AT with an AT8 into an MS- 
DOS multi-user system. The system makes it 
possible to run applications such as Lotus 1 -2-3 
on terminals. The operating system also has a 
Phar Lap compatibility mode that runs programs 
developed with the Phar Lap versions of Micro¬ 
Way’s compilers. from $199 

Phar Lap'"' created the first tools that make it 
possible to develop 80386 applications which 
run under MS-DOS yet take advantage of the full 
power of the 80386. These include an 80386 
monitor/loader that runs the 80386 in protected 
linear address mode, an assembler, linker and 
debugger. These tools are required for the MS- 
DOS version of the MicroWay NDP Compilers. 
Phar Lap Tools.$399 

MATH COPROCESSORS 

80387-16 16 MHz.$495 

80287-10 10 MHz.$349 

80287-8 8 MHz.$259 

80287-6 6 MHz.$179 

8087-2 8 MHz.$154 

8087 5 MHz.$99 


Micro 

vm~ 


_ The World Leader in PC Numerics 

P.O. Box 79, Kingston, Mass. 02364 USA (617) 746-7341 
32 High St, Kingston-Upon-Thames, U.K., 01-541-5466 
























TECH MARKETPLACE 

THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


PRODUCT CATEGORIES 


HARDWARE 239-241 

ACCESSORY CARDS.239 

COMMUNICATIONS.239 

COMPATIBLES.240 

COOLING DEVICES.240 

GENERAL . 

MASS STORAGE. 

PERIPHERALS.241 

SECURITY DEVICES. 

USED EQUIPMENT. 

SOFTWARE 241-249 

ARTIFICIAL INTELLIGENCE.241 

BUSINESS.241 

COMMUNICATIONS.241 

DATA BASE MANAGEMENT.241 

EDUCATIONAL. 

ENGINEERING.242 


EXPERT SYSTEMS. 

HNANCIAL. 

GENERAL . 

GRAPHICS.242 

LANGUAGES.242-243 

MULTI/USER SYSTEMS. 

NETWORKING.243 

OPERATING SYSTEMS.243 

PROGRAMMERS TOOLS.243-245 


SOFTWARE continued 

PUBLIC DOMAIN..245 

SCIENTIFIC.245-246 

SECURITY DEVICES.246 

STATISTICS.246 

TERMINAL EMULATION.246 

UTILITIES.246-249 

WORD PROCESSING. 

MISCELLANEOUS 249 

ACCESSORIES. 

BAR CODING.249 

BUSINESS OPPORTUNITIES.249 

COMPUTER INSURANCE.249 

DATA CONVERSION.249 

PUBLICATIONS. 

SUPPLIES. 


Advertising Rates and Information: 

PC Tech Journal Marketplace 

PC Tech Journal Marketplace is a special 
economical section for product and service 
listings. 

Listings are grouped by category and sold by 
column inches. Second color option 
available. 

Standard Directory Listings are also available 
for a minimum of 3 issues at $170 per issue 
($510 total). 

For additional information 
call 212-503-5115. 


PC Tech Journal Classified Advertising Staff 
One Park Avenue, New York, NY 10016 
(212) 503-5115 


Advertising Director 
Kathryn J. Cumberlander 
Sales Manager 
Daniel L. Rosensweig 
Sr. Advertising Coordinator 
Monica Dixon 
Advertising Coordinator 
Ana Marie Gonzales 


Production Manager 
Anne R. Brockinton 

Production Coordinator 
Elliot Appel 


Account Managers 


Stanley H. Robinson, Advertising Manager 
(212) 503-5116 

AL, AR, lA, IL, IN. KS, KY, AZ, CO, OR, NM, LA, 

MI, MN, MO, MS, NB, ND, OH, OK, SD, TN, TX, NV, 
AK, GA, UT, CA (ZIP 92999 & DOWN), CANADA 
(OTHER THAN BRITISH COL.) AND ALL OVERSEAS 
CALLS. 

Lisa B. Stick, Senior Advertising Manager 
(212) 503-5172 

err, MA, ME, NH, NJ, NY, RI, ID, MT, MD, VT, DC, 
DE, HI, NC, SC, FL, VA, WV, WI, PA, WA, WY, CA 
(ZIP 93000 & UP) BRITISH COL. 
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HARDWARE/ACCESSORY CARDS—COMMUNICATIONS 


TECH MARKETPLACE 


THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


Hardware/Accessory Cards 


8MB FOR YOUR AT 

*uses1MX1 DRAMS 

* 1 serial port 

* 1 parallel port 

* configured through software 

* can be used as base or extended memory 
0MB - $495:2MB - $795; 4.6,8MB CALL 
ADVANCED CIRCUIT DESIGN 

3932 A 93rd Avenue SW 
Olympia, WA 98052 
(206)352-4810 


DIGITAL SIGNAL PROCESSOR 

The Model 10 coprocessor board is based on the 
16/32 bit Tl TMS 32010 and is designed for ap¬ 
plications in communications, speech, instru¬ 
mentation, and numeric processing. A IK 
complex EFT takes 90ms. Offered with onboard 
12 bit 80 Khz A/D and D/A. Continuous data ac¬ 
quisition & playback option. Includes all utility 
and applications software. $650 & up. 
DALANCOSPRY 

Suite 241 2900 Connecticut Ave. NW 
Washington, DC 20008 
(202)232-7999 



IRM-AT SPEEDUP 

Speedlnjectof trom Ariel 


IPX’a 

- ^ ^ ^ Q ^ 4rf\r%t 


A fully automatic Speedlnjector 

for all IBM ATs Including speed 
limiting ROM BIOS. Uses relrabte 
2 s s / 2 s 7 frequency synthesis tor toiai 

??mfS86-'iWSSSVequ fmm 
'S'i?’MH?1el7cteKle tunning .Mode ^tch ate 

\\\ / ' ware reset switch. For the h '|4and 

With The XCEW 

S accl^'' rp^ediip me Sard* .««»•<» 

Q I (Suggested dealer installation charge $49.95) 

FAST 80286-10 - Replacement CPU for speeds of (^cU1-A) $259.95 

10 MHz and above.. 

^ FAST 80287 - 8.10.12,14 and 16. Speeds test 

rated & guaranteed... , 

FAST RAM 128K & 256K, 100NS & 120NS . ( 

MIL-SPEC CRYSTALS - The Famous Ariel Crystals. Choose from (Crys a 
CPU speed) 16/8,17/8.5,18/9, $19-95 

INCREASE OVEFIALL SPEED UP TO 300% 

Order Line; 

800-641-3322 ext iiio 
Direct Line: 
201-788-9002 

FULL 2-YEAR WARRANTY 
ON ALL PRODUCTS 



,COMPUTER CORPORATION- 


Ariel Computer Corporation 
Post Office Box 866 a Flemington, NJ 08822 


CIRCLE 265 ON READER SERVICE CARD 


HARDWARE/COMPATIBLES Category 

begins on next page 


TMS 32020 

PC COPROCESSOR #^ 
BOARD 


• 20 MHz, 5 MIPS, Addressing 256K 

• I Clock 16 Bit Multiply 

• Ideal for High Speed Numerical 
Analysis, Graphics, and DSP 

• External User BUS for A/D & D/A 

• Monitor/Debugger & C Utilities 

• Fractals, Rotations, FFT Demos 
and Source Included 

$900 board & 32K 
$1100 board & 256K 
$150 TMS32020 assembler 

SYMMETRIC RESEARCH 

15 Central Way, Suite 9, Kirkland, WA 98033 

206 - 828-6560 

CrnCLE 266 ON READER SERVrCE CARO 


Communications 


LIFE IN THE 


OUR 

256K 
PRINTER BUFFER 

CAN 

ACCELERATE 
YOUR 

PERFORMANCE 

• Special Utility Software 

• Parallel Port Included 

• PC, XT, AT Compatible 


TO ORDER CALL 

800 - 826-1465 

(602) 938-3165 

4026 W. ST. JOHN 
GLENDALE. AZ 85308 
MCATISA/AMEX 


eM. PC. XT. AT A ifKlmAil. ol IBM COBP 




CORPORATION 


CIRCLE 267 ON READER SERVICE CARD 


Tech Marketplace 

Standard Directory 
Listings Available 

Call (212) 503-5115 



IBM COMPATIBLE RS232 EASI-DISK 
3V275V4" FLOPPY DATA STORAGE & 
TRANSFER SYSTEMS 

Information Transfer to/from Non IBM Com¬ 
patible Systems to/from IBM and Compati¬ 
bles: (Over RS232 Interface or 488 Interface). 


Reads & Writes IBM PC/MS DOS Disks 
RS-232 Cl/0/488 

Rugged Portable Package/Battery Option 
ASCII or Full Binary Operation 
Baud Rates 110 to 38.4 K Baud 
Automatic Data Verification 
• Price $895 in Singles - OEM Qtys. Less. 




ANALOG & DIGITAL 
PERIPHERALS, INC. 

815 Diana Drive 
Troy. Ohio 45373 
513 339-2241 
TWX 810 450-2685 

28 other systems with storage from 100K to 35 megabytes. 

CIRCLE 268 ON READER SERVICE CARD 


TECH MARKETPLACE 

HARDWARE PRODUCT CATEGORIES 


Accessory Cards 
Cooling Devices 
Communications 
Compatibles 
General 


Mass Storage 
Peripherals 
Security Devices 
Used Equipment 


TO PLACE YOUR AD 
CALL 

(212) 503-5115 


NOVEMBER 1987 
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HARDWARE/COMPATIBLES—COOLING DEVICES 


TECH MARKETPLACE 

THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


Hardware/ Compatibles 



A WORLD 
PREMIERE 

THE MICROFLEX PC-1000. THE ONLY HAND-HELD PC. 

With its new MICROFLEXPC-1000, DAP Technologies rises to 
the forefront of performance in the world of data collecting and 
data processing. 

A thorough PC compatible, totally self-sufficient! 

Working with MS-DOS*, the MICROFLEX PC-1000 is robust, 
weatherized and can be totally integrated to your firm’s computer 
system. MICROFLEX PC-1000 is mainly used in industrial, scien¬ 
tific and commercial fields. 

A PC compatible with a memory size 
up to 1.6 MEG, very easy to 
operate, producing optimal 
efficiency. In the palm of your 
hand lies the revolutionary 
world premiere: the hand-held 
MICROFLEX PC-1000! 


Technologies 

Member of the Group 
DAP Technologies 


See us at Comdex #H7239, 

Hilton Pavilion 
DAP Technologies 
955 Place Dufour 
Vanier (Quebec) 

Canada GlM 3B2 

Telephone (418) 681-7833 

Telex 051-3336 Fax (418) 681-0799 


* MS-DOS is a rcHislcrcd tradinnark of Microsoft. 
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TECH MARKETPLACE . . . The Comprehensive Guide 
to Products and Services for the MS DOS Market 
For more information call (212) 503-5115 


PcPRilflE 

88/286/386 
8/10/16 nU: 



PcPRIME3S6S2aOO $2M0w SEAGATE ST-2S1 40 MB 

HI RES (720x350) SWIVEL AMBER MONITOR • INTEL 80386-16 32 BIT 
0 WAIT ST •• PHOENIX BIOS • ONE MB STATIC COLUMN RAM • 
VIRTUAL MEMORY • 8 SLOTS 2 8 BIT75 16 BIT71 32 BT • WO 
CONTROLLER 2FD/2HD • MGP CARD • 220 WATTS • 80287/80387 
SOCKET . CLOCK/CALENOAR • 1 2 MB DRIVE • SERIAL PORT • 
ENHANCED KB W/LEDS • 3 ADDRESS MOOES • HARDWARE RESET • 
KB SWITCH 8 OR 16 MIt • OPERATES MS/PC DOS • RUNS ALL IBM 
SOFTWARES • OPTL B’?’ DRIVE/ECWCOLOR/ 20MHz • FULLY 
SETUPAESTED • MANUALS • ONE YEAR PARTSA.AB0R 


PcPRIME 286 $1,100 $1,700 w SEAGATE ST-2S140 MB 

HI RES (720x3501 AMBER MONITOR • INTEL 802866710 MH; • ONE 
MB RAM . PHOENIX BIOS • MGP CARO • SERIAL PORT • OPERATES 
MSDOS PC-OOS XENIX UNIX 4 GW BASIC • 8 SLOTS • WO 
CONTRaLER 2FD/2HO • ENHANCED KEYBOARD w/ LEDS • VLSI • 
220 WATTS • CLOCIVCALENQAR • RUNS ALL IBM SOFTWARES • 1 2 
MB DRIVE • HARCM/ARE RESET • 80287 SOCKET • SPEAKER • 
ACCEPTS ALL IBM PARTS • OPT L 3W DRIVE/E6A/12MiC0L0R • 
SETUPAESTED • MANUALS • ONE YEAR PARTSA.AB0R 

IVl'KI »f f. «« $650 $900 w SEAGATE ST-225 20MB 4 1 FD 

HI RES (720x350) AMBER TAONITDR • INTEL 8068-2 4 77/80 MH/ • 
PHOENIX BIOS • 640K . 150 W • HERCULES EMULATION GRAPHICS 
CARO xv/PRlNTER PORT • 6 EPROM SOCKET • OPERATES MS/PS 
DOS GW BASIC • MULT-l/0 CARO w/2FD CONTROL 
LER/PRINTER/SERIAL/GAME ports • CLOCK/CALENDAR • 
KEYBOARD w/ LEDS • 2 FUJITSU DRIVES • SPEAKER • 8087 SOCKET 
• 8 SLOTS • ACCEPTS ALL IBM TWITS • OPT L EGAAUOR/lO MH/ . 
FULLY SETUP' TESTED • MANUALS • ONE YEAR P1ARTSA.AB0R 
PORTABLE/NETWORK/MULn-USER SYSTEMS TOO 


PcPRIME SYSTEMS. INC. 

6951 WARNER ST SUITE 294 135 W 261H ST 8TH FL 

HUNTINGTON BEACH CA 92647 NEW YORK NEW YORK 10001 

(800)451-5279 (212)627-4485 
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Tech 

Marketplace 

Second Color 
Option Available 
For More Information 
or to Place Your Ad 

Call (212) 503-5115 


Cooling Devices 



A Ventilation System designed to 
prolong the life of IBM “ PC PC/XT. 


Coldblue fits in the IBM enclosure 
reducing operating temperatures 
as much as 27 F by increasing airflow 
across the card area. 

The one that really works! S185. 

Dealer inquiries welcome. 

Mandrill Corp. PO Box 33848 
San Antonio. TX 78265 
8QQ-531-5314 _ 
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HARDWARE/PERIPHERALS—SOFTWARE/DATA BASE MANAGEMENT 


TECH MARKETPLACE 

THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


Peripherals 


Data Base Management 


CREATE A DISKLESS PC! 

PC-ROMDRIVE allows users to create a “Disk¬ 
less PC" capable of booting a ROM-resident copy 
of MS-DOS and/or user application programs. 
PC-ROMDRIVE consists of a PC-compatible 
ROM/PROM expansion board and the PC- 
ROMDRIVE software. PC-ROMDRIVE is priced 
at $195 for single units. Quantity discounts and 
OEM arrangements available. MC/VISA 
ALDIA SYSTEMS. Inc. 

RO. 80x37634 
Phoenix. Az. 85069 
(602)866-1786 

SPEECH SYNTHESIS 

SynPhonix: TRUE Unlimited Speech Synthesiz¬ 
er for IBM-PC/XT/AT/jr & compatibles. This low 
power short card includes an SSi263 speech 
chip, amplifier and speaker. Software includes 
Text-to-Speech. Phonetic Editor. Talking Clock 
& demos. Can be programmed with BASIC and 
other languages. Prices start below $200. 

S ynPhonix 

Electronic Speech Articulator 

Artie Technologies 
55 Park St.. Suite 2 
Troy. Ml 48083 
(313)588-7370 


Software 

Arthtcial 

Intelugence 

NEURAL NET MODEL 

Simnet Software shows how a neural net model 
may be instructed to learn specific binary pat¬ 
tern associations. Once the system has been 
taught, the user may test its capability for gen¬ 
erating proper output patterns in response to 
random input sequences. Also allows adjust¬ 
ment of learning rate. Needs IBM PC. 256K. one 
floppy. $59.95 US. money order, cash, or certi- 

fiprl rhpplf 

BLAIR HOUSE INNOVATIONS 
P. 0. Box 7 Dept. B 
Belcarra Park. Port Moody. 

B.C. Canada V3H3E1 
(604)939-5998 


Business 


LP88-SPREADSHEETLP 

Our best-selling linear programming system 
solves problems w/1000 constraints and 5000 
variables, reads/writes Lotus worksheets, many 
other advanced features. IE News says “the flex¬ 
ibility and features of this program are a bargain 
at its low pricer Req. 192k. $149 w/manual and 
8087 support. $29 demo. 

Eastern Software Products. Inc. 

P.O.Box 15328 
Alexandria. VA 22309 
(703)360-7600 


FastTRAP^ 


The pointing device of the future is here! 



• Two and three axis pointing capability 

• High resolution trackball for X and Y axis input 

• High resolution fingerwheel for Z axis input 

• Use with IBM" PC's. XT's. AT's and compatibles 
•^Three input buttons 

• Full hardware emulation of Microsoft'" Mouse 

• Standard RS-232 serial interface 

• Includes graphics drivers and menu generator 

• Easy installation 

• 1 year warranty 

• Made in the U.S.A. 

ONLY LTS/C Corp. 

$149.00 ® South Limestone Street 

VISA and Lexiogton. Kentucky 40508 

Mastercard (606)233-4156 

accepted (800) 872-7279 


3-D TRACKBALL FOR IBM 
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4GL 


Business 


FOURTH GENERATION DEVELOPMENT 
DATABASE/APPLICATIONS GENERATOR 


Sculptor 


40 


Times Faster Than Other 
Fourth Generation Languages 


Cut Your Software 
Development Time by Up To... 


80% 


Completely portable for more than 90 combinations 
of machine and operating systems including 
MS-DOS, Unix, Xenix, VMS, OS9, QNX and more. 

Test drive Sculptor on your MS-DOS system with our complete evaluation 
system for only $45.00. (Includes a 5% discount coupon!) 

FHL 

770 JAMES STREET 
SYRACUSE, NEW YORK13203 
315/474-7856 TELEX 646740 Since 1976 
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► timeslips 4 

$129.95 

POP-UP TIME & EXPENSE TRACKING 

"Jewel of a Billing Program'—INFOWORLD, RATED 9.3 

Perfect for Programmers and Consultants who need to 
track time on projects. 


n 


• Simple to use, installs in minutes. 

• Track time like a "stopwatch" 

• Batch enter time/expense data 

• Over 5,000 professional bill 
formats with aged receivables, 
flat fee and more 


• Produce custom business and 
financial reports 

• Export to d BASE & 123 format 
files. 

• Optional G/L interface now 
available 


/VflV/.^TIMESLIPS ill more reports, more capacity, more 
speed, auto back-up and now with macros built in.— 
$199.95. Hard Disk & 384K required. 

For rush service/more information, call (617) 468-7358. 

Add $7 s/h. Not copy protected. 30-day money back guarantee. 

Call (800) 225-5669 to order. 


! NORTH €DG€ 

SOFTUUflRe CORR 


= SOFTUUflRe CORR Essex, MA 01929 i 

_ ^ W .. . CIRCLE 273 ON READER SERVICE CARD | 


239 Western Avenue 
Essex, MA 01929 


If dBase can read your data 
files, so can db Pascal. 
Directly from your Tdrbo 
Pascal programs. Great for 
fast reports, db Pascal 
$29.95. (Will not access 
indexes) Add $2.50 for 
ground shipping worldwide. 

IogicRth 

Call 1-800-433-6854 

In Arizona (602) 435-2370 
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Communications 


PC SERIAL DATA ANALYZER 

Use your IBM PC or compatible to analyze data 
streams between serial devices. Windows show 
each devices transmissions in ASCII or HEX. 64K 
buffer. Signal line monitoring, disk save, “Lotus” 
style interface, an invaluable tool for debugging 
serial interfaces. DISK and MANUAL $95.00 
TRIPLE C SOFTWARE 
800 West Oakland Park Blvd. Suite 217 
Fort Lauderdale, FL 33311 
(305)564-8011 


ARC - MAP 

Asynch RS-232 Comm - Monitor/Analyzer Prog 
Use PC to diagnose data communications. With 
cables, manual; 2-19200 BPS; 32K bfr; data, er¬ 
rors, mdm sig’s; Passive, Active. BERT; ASCII, 
EBCDIC, Hex, Dec, Oct; bfr search; event traps; 
timer; save strings, setups, data; EASY use!! 
$249.30dayM/B 
George Driver 
1316 El Rancho Dr. 

Bakersfield, CA 93304 
(805)835-1916 


Tech 

Marketplace... 

The comprehensive 
guide to products 
and services for 
the MS DOS market. 
To place your ad 
Call 

(212) 503-5115 
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SOFTWARE/ENGINEERING—LANGUAGES 


TECH MARKETPLACE 

THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


Engeveermg 


Graphics 


Tt —mmarmrw 


METAL FABRICATORS 

PC/Cultist takes input from your bill of mate¬ 
rial—Detail drawing and calculates the best 
cutting combination for any length stock and 
prints a shop ready cutting list and scrap report. 
Also an optimization feature finds best multi 
length for mill orders. Price $300. 

Demo Disk $25.00 
THE JOSEPH ALBERT CO. 

P.O. Box 611 

Blue Island, Illinois 60406 
(312)349-9032 


ENGINEERING 

SOFTWARE 


You will save hours of 
development time with our 
library of integrated programs. 

• Graph Plotting 

• Equation Processing 

• Simultaneous Equations 

• Complex Arithmetic 

• Pop Up Calculator 

• Fourier Transforms 

• Top Down Designer 

• and more. 

For a FREE CATALOG: 
write Pulse Research, Dept 
Eng 4, P.O. Box 696, 
Shelburne, Vt 05482 (802) 
985-2928 
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Graphics 


1- '1 

f 

PAINTBRUSH- UTILITIES 


J 

• Display/Save EGA images FAST! 
with our sub-second Displayer. 
Stand-alone, resident, or MS C 
interface. 

• EGA ‘Screen Grabber’, only 5K. 

• Edit/Create PC Paintbrush Fonts 
with our Dual-Font Editor. 

• Make large cutouts, locate XY 
coord’s, easy slide shows, 
program demos, etc. 

• All for $49.95, -»-$2S/H 

(See the speed...Demo Disk: $5) 

MICKOPROGRAMMING 

6305 Mobud Dr., Houston, TX 77074 
(713)771-4914 

Outside TX: (800) 227-0918 




CIRCLE 277 ON READER SERVICE CARD 


SSmm SLIDE FROM YOUR PC 

COMPUTER SLIDE EXPRESS converts graphic 
files produced on the IBM PC into brilliant 35mm 
color slides with color resolution 400% better 
than your monitor. Leave your printouts behind. 
Use high resolution color slides up to 4000 line. 
COMPUTER SLIDE EXPRESS $9/slide. 

VISUAL HORIZONS 
180 Metro Park 
Rochester, NY 14623 
(716)424-5300 


FORTRAN GRAPHICS LIBRARY 

GRAFMATIC (screen graphics): 75 MS 
FORTRAN/Pascal, R-M/Profort, Lahey FORTRAN 
callable subroutines. Fully documented, prof, 
graphics capabilities, inc. general utility, 2-D in¬ 
teractive, total 2-D plots, 3-D plots and solid 
models. $135. H-P or H-l plotter? get 
PLOTMATIC, complete plotter graphics library. 
Interfaces w/GRAFMATIC. $135. Both $240. 
MICROCOMPATIBLES, INC. 

301 Prelude Drive Dept. J 
Silver Spring, MD 20901 
(301)593-0683 


Temple 

Datatap™ Graph® 

for HP 200/300 & SUN 3 
IBM xr, AT, PS/2 


,_nji_n» 

Response rTlrTI 

,, CRnn 

t)2 




13 
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JOURNAL GRAPHS 
TRANSPARENCIES 
FITTING + ... 


Reviewed in 

Science Software 
EXCELLENT 
_ in all categories! 

Mihallsin Associates 
600 Honey Run Rd. 
Ambler, PA 19002 
(215) 646-3814 

lor IBM $299 ($199 academic) 

* requires math co-processor 
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TECH MARKETPLACE . . . 

The Home of the Power Buyer 


PLOTTER EMUUTION (w/VGA) 

FORTRAN callable, Versatec/Calcomp compat¬ 
ible plot subroutines for VGA, EGA, CGA, Here, 
video and Epson, C. Itoh, and compatible print¬ 
ers at optimum resolution. Several character 
fonts. Libraries for MS 3.3/4.0 and Lahey. 130 
page manual with examples. Only $150. HP 
Plotter driver $50 extra. Educational discounts. 
F and S Software 
7604 Peacock Drive 
Huntsville, Alabama 35802 
(205)881-6268 


A TOOLBOX OF C-SOURCE CODE 
THAT LETS YOU GET YOUR 
"EGA” APPLICATION UP AND 
RUNNING QUICK! 


I EGA GRAPHICS TOOLS 


INCLUDES: 

■ Lines. Circles. Circle Segments. Arcs. Squares 
and Polygons 

■ Save/Load Screens and Windows to/from Disk 

■ Window Management. Moving Windows 

■ Color and Palette Changes 

■ Draw Axis. Plot Points 

■ Rotates and Moves 
I Multiple Fonts 


I Plus More... 


ONLY $59.95 


Co bra _ 

14700 Main Strrft. Suite 3, Bellevue. VVa 9tl007 (206I641-2759 

Add $5.00 shipping & handling. WusAm^fon residents add 8.1% 
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You can NOW 
with SLEd! 


SLEd offers a remarkably simple 
method of creating graphics 
and incorporating them into 
your documents using your ed¬ 
itor and a laser printer .. . 
SI 49.95 



SOFTWARE 


P.O. Box 61S8 
Ultic Rock, AR 72216 
I SOI 376-2083 
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Interactive Graphics & Statistics 


Create graphs the way you want 
them. 35 graph types can be used 
to create numerous renditions. 
Make posters and flow charts— 
with full screen editing of text. 

• Vaiy character font, size, 
position, color 

• Stack and overlay graphs 

• 3-Dimensional graphs: fishnet 
& contour 

• Linear & Non-Linear Regression 

• Stochastic Distribution 

• Independence Testing 

• Descriptive Statistics 


Contact: Scientific Programming 
Enterprises, P.O. Box 669, Haslett, 
MI 48840 (517) 339-9859 
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Languages 


ofarbware Modula-2 

• Full 3rd Edition Language 

• Large Memory Model/Unix make 

• DOS Linker Compatible Object 

• Both 8087 and 8087 simulation 

Very fast compilei^ runtime source, many exten¬ 
sions, site licensing, assembler interface. $89.95 
MC/VISA/CorpPO/CK 
farbware 
1329 Gregory 
Wilmette, IL 60091 
(312)251-5310 


FIRMWARE DEVELOPMENT IN C 

REX-C/86 C package supports ROM code gen¬ 
eration. Includes XC86 C compiler which imple¬ 
ments draft ANSCIC standard, supports-in-line 
assembly, produces optimized 8086/87/186 
reentrant code for real-time environment, gen¬ 
erates separate segment for initialized data and 
string constants for ROM-based applications, 
produces object file in Intel OMF with debug in¬ 
formation, global and local symbols with data 
type and line numbers for high-level debugging. 
Price is $750 which includes XC86, linker,-loca¬ 
tor, librarian, hex formatters, and run-time li¬ 
brary source. 



SYSTEMS & SOFTWARE, INC. 
3303 Harbor Blvd.,C11 
Costa Mesa, CA 92626 
(714)241-8650 
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SOFTWARE/LANGUAGES—PROGRAMMERS TOOLS 

TECH MARKETPLACE 


Languages Programmers Tools 



** Introductory Special ** 

FTL MODULA-S ONLY $73.35 


Large Memory Model Modula-2 Compiler for MSDOS Systems. 

Includes: Compiler, Linker, Editor, 8087 support, and full Library sources, 
FTL Modula-2 can create programs as large as your available memory. 

Don’t Delay Order TODAYII 
SAVE $10.00 when you order one 

or more of the support packages. Workman & Associates 

Editor Toolkit $39.95 1925 E. Mountain Street 

Small Compiler $49.95 Pasadena, CA 91104 

8087 support (SMM) $29.95 (818) 791-7979 
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CROSS ASSEMBLERS 

Macros. PC Compatible, Linker, Editor, Relocat¬ 
able, Conditionals, Fast, Reliable. For most 
microprocessors... from $150 
also: Cross Debug/Simulators 
EPROM Programmer Board 
MICROCOMPUTER TOOLS CO. 

912 Hastings Dr. 

Concord, CA 94518 

Phone (800) 443-0779 In CA (415) 825-4200 


TRAINING WHEELS for C 
cENGLISH 



Call for additional information. 

MHT SOFTWARE THE SOURCE FOR cENGLISH 
2923 Saturn St., Ste. A • Brea, CA 92621 • (714) 528-1602 


SCREEN MANAGER 


MENU, WINDOW, and DATA 
ENTRY Support for the Profes¬ 
sional Programmer! Interfaces 
to most languages. BASIC, C, 
FORTRAN, COBOL, PASCAL, 
ASSEMBLER. 100 Page Manu¬ 
al. Thirty day money back 
guarantee. No Royalties, 
from The West Chester Group 
P.O. Box 1304 

^ / M West Chester. Pa 19380 

VISA/MC (215) 644-4206 


CALL FOR FREE DEMO 
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Networking Operating Systems 



“NETBIOS Routines** 

Network Master is a library of 80 routines which 
access NETBIOS functions. The routines are in¬ 
voked by compiled programs to control the net¬ 
work. Routines support network names, 
resources and sessions with Wait and No-Wait 
options. Create your own transaction process¬ 
ing and program communication systems. Many 
compilers are supported. No royalties. 

Visa/MC $199.00 
Starlight Software 
2861 Central St. 

Evanston, IL 60201 
**(312)864-9370** 


PLOT TEXT ON ANY GRAPHICS SCREEN!! 


YES, we said ANY Graphics Screen, even VGAI FINALLY! Xgraf Is a super 
set of smart low level assembly graphic routines that you caii directly from 
Compiled BASIC. Xgraf replaces BASIC’s confusing graphics statements 
with consistent, full featured calls specifically designed for the BASIC 
programmer. 

FINALLY! Xgraf is only $99.00 + $4.00 S&H 
We specialize in libraries and tools for Compiled BASIC. Our catalog 
features the FINALLY! Family of Products and other top flight tools. 


Call: 1 800 423-3400 
(9:00 AM to 8:00 PM EST) 
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KOMPUTERWERK 

851 Parkview Blvd. 
Pittsburgh. FA 15215 


Programmers Tools 


KEYCARD 

ELIMINATOR 


NOVELL ADVANCED NETWARE® 
V2.0a 

86. 286. 286 nonded. SFT-I. SFT-2 

SLOTBOUND? 

FREE A SLOT IN 
YOUR FILESERVER' 



$0000 

w ^ (me 


M/C^Visa 
or C O D i« 

CALL FOR DEALER PRICINi 


(includes S&H) 


NBS 


NETWORK BUSINESS SYSTEMS 

\300 Woodhollow Drive. Suite 5601 
Houslon Texas 77057 
713-781-9268 (Sales. Tech Support) 

713-783-4457 (Administrative. Sales) 
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M Street Software 


SCRUTINY 

Advanced Symbolic Debugger 




for all MS-DOS computers 

M Street Software 5400 E. Mockingbird, Suite 114 
214-827-4908 Dallas, Texas 75206 

Information also available via our 
24-hour 300/1200 modem: 214-669-1882 
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New ISAM for C 


• FAST B-Tree Structure. 

• Open, Lookup, Insert, Delete, 

Next Key, Previous Key. 

• Multiple indexes per data file. 

• Multiple keys per record. 

• Duplicate keys optional. 

• Fast CINDEX utility. 

• Variable-length data records. 

• Documentation & sample program. 
NEW... only from: 
lufC^pCInt Systems. Inc. 

P.O. Box 851572 • Richardson, TX 75085 
(214) 669-4700 

VISA/MC Accepted $129 +$6 S&H 
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Turbo Ghostwriter 
COMDEX/Fair88 
Booth# Hilton-7029 
TPascal Generator 

B-tree File Mgr-No 64K limit 
Screen Editor/Painter 
Create a Relational 
100% Complete Database 

MC/Visa/COD $289 

Normal Price $450 

ASCII 800-227-7681 

3239 Mill Run, Raleigh, NC 
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MINIMIZE TURBO 
PASCAL DEBUG TIME 

Tmark allows Turbo to continue compiling 
after an error is found without returning to 
line one. Tmark can save and restore 
Turbo’s state during a compilation. As 
each compiler error is found you can fix it 
and continue compiling. Saves are made 
automatically before compiler errors or at 
lines designated with a {tmark} comment. 
Tmark dramatically reduces debug time. 
Once you try it you will never want to give 
it up! $80-F $2 s/h, Visa/MC 
TANGENT DESIGNS 
PO Box 896, Lake Forest, IL 60045 
(800) 356-2750, (312) 295-0030 
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TECH 

MARKETPLACE... 

Standard directory 
listings available. 

To place your ad 

Call 

(212) 503-5115 
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SOFTWARE/PROGRAMMERS TOOLS 




TECH MARKETPLACE 


Pr^rammers Tools 


TURBO PACKAGE 3.0 (for Turbo Pascal) 

MULTI-TASKING, MULTI-PROCESSING, & MODULAR REENTRANT 640K PROGRAMS 
FREE: A multi-processor data entry program for 2 or more machines. 


Don’t pay high prices for a network. Turbo 
Package has true multi-processing. Use all the 
power and memory you need. 

A file processor LAN only gives you shared 
disk drives and a print spooler. Turbo Package 
lets you run data entry on several PC’s, 
number crunching on a 386, intelligent file pro¬ 
cessing on an AT/XT, and print spooling. Hard¬ 
ware required: one PC or compatible. Any 
MIMDA configuration is possible. 

Balance your work load and reduce hard¬ 
ware costs. Network with a modem (Wide Area 
Network), RS232, or RS422 (Local Area 
Network). 

Few code changes required. Call 640K pro¬ 
grams, single processor tasks, and multi¬ 
processor tasks just like procedures and 
functions. 


You also get ZapIO, a high speed screen 


10 that works with writelnQ. 

Turbo Package 2.0 

w/ 640k Pascal programs.$59.95 

w/ Multi-Tasking.89.95 

Turbo Package 3.0 

w/ Multi-Processing.149.95 

SuperMath 32-bit toolbox 

40-f- math routines.24.95 


90 day money back guarantee (In Texas add TAX) 
Visa, M/C, or COD Shipping: USA $5 

Foreign $10 


r Conversational Computer Systems 
5371 Verbena Rd. 

San Antonio. TX 78240 
\ Ph: (512) 692-0353 
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Remote Debugging 

DSD is the only windowing 
symbolic source debugger avail¬ 
able in PC native and remote 
versions with 386 support! 


Host Target 



(213) 559-7015 


Soft Advances 


10811 Washington Blvd., Ste. 205 
Culver City, CA 90232 
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NEW! 

_ TEXT 

EDITOR 


Why spend more? With -FAST-ED! 
you can . . . 

• Edit up to ten large files at once 

• Use up to six windows 

• Undo up to 200 changes 

• Cut and paste between files 

• Move, Copy. Delete. Save and Print blocks 

• Enter DOS without exiting: edit output 

• Perform full Search and Replace 

• Define Macros . . . Plus lots more! 

With -FAST-ED! it’s all fast and easy. 
Comes with S back guarantee. 

SYSTEM/;yv 

VISION^Yj 

corporatiotK^ N. 

P.O. Box 281166. San Francisco. CA 94128 

415/355-7308 
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TECH 

MARKETPLACE . . . 

Second Color Option Available 


BRIDGEWORKS’ FOR 1-2-3 

At last, READ and WRITE data from inside com¬ 
piled Basic, Pascal and C programs directly in 
to Lotus and Symphony worksheet ranges. 
$59.95+ s/h. 

Comprehensive library of C tools for Lotus and 
Symphony I/O and data handling. $229 + s/h. 
GreyMatter International 
100 No. Country Road/Bidg. B 
Setauket.N.Y. 11733 
(516)689-7682 


BASIC/COBOL/REXX SCREENS 

• Create screen code in native compiler for Quick/ 

• Turbo BASIC. REXX ($39). IBM/MICROSOFT/ 

• REALIA COBOL ($59). Powerful editor. Paint, edit, 

• draw etc. All attributes. REALIA/BASIC/REXX 

• includes cursor, border, beep etc. COBWORK 

• generates report headers ($39). shp $5. 
Tajeva Software 

6064 Belle Grove Cove S. 

Memphis. TN 38115 
(901)365-4692 


One-stop ROM Shop 


When your application calls for ROM support, 
contact the professionals at ALDIA SYSTEMS. 
We've been supporting firmware developers for 
over two years with excellent software develop¬ 
ment tools and technical support. Don’t settle 
for imitations, call the company who brought you 
PC-LOCATE, the original PC locator. 


PC-LOCATE: Produce ROM-able code from 
your ".EXE" files. PC-LOCATE assigns physical 
addresses to the re-locatable image based on 
user inputs. PC-LOCATE support the entire Intel 
processor family including : 8086, 8088, 80186, 
80188 and 80286. 

PC-PROMPAK: A PROM/ROM expansion 
board for IBM and IBM-compatible computers. 
P'^'-PROMPAK provides up to 384Kbytes of 
non-volatile expansion memory and supports 
most 28-pin JEDEC devices including EPROMS, 
EEPROMS and Static RAMs. 

PC-ROMDRIVE: Create a "Diskless PC" that 
can include MS-DOS and your application pro¬ 
gram. "Autoexec.bat" files are supported for 
automatic program execution. 



S WSiMxss lFmS(BS‘ 


I 


All MASM features (except 386 & CodeView support) 

Plus, *Generates smaller code! (no inserted NOP’s) 
^Automatically handles jumps out of range 
*Handles most of MASM’s phase errors 
*Built in MAKE 
*Up to 15,(XX) symbols 
^Simplified segmentation 


OPTASM 

$195 



1622 N. Main St. Butler, PA 16001 
(412)282-0864 (800)833-3061. 
TELEX 559215 
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ZBASIC4.0 

Out Performs Turbo BASIC 
and QuickBASIC: 


Upgrade your Old BASIC 
to the Power of ZBasic: 
Send the inside title page 
of your manual for any 
MSDOS BASIC and get ZBa 
sic for $59.95+shipping. 


Compare for Yourself: E 

SIEVE 

Sec. 

Size/k 

ZBasic 4.0 

2.68 

18.5 

QuickBASIC 3.0 

2.82 

27.7 

TurboBASIC 1.0 

3.01 

28.8 

enPT Shell Mel, 4(KK) 

1 5 ehar Mrmiis 

Sec. 

Size/k 

ZBasic 4.0 

7 

18.8 

QuickBASIC 3.0 

226 

31.4 

TurboBASIC 1.0 

1442 

29.7 


Call Toll Free to Order 

1 - 800 - 482-4567 

(602) 881-8101 or (602) 795-3996 


EGA, CGA & Hercules Support! 


(no 64K array limit) 


editing and compiling 

<^Line numbers optional 
^ACCURACYto54digits 


Lightpen support 
^EGA.CGAondHei 


ZEDCOR 


Moil Orders ZEDCOR. 4500 E. 
Speedway. Suite 22 Tucson. AZ 
&5712-5305 Include shipping of: 
$5US.$12CAN.$25Foreign Any 
IBM PC. QuickBASIC tm MicrosoH. 
Turbo BASIC tm Borland. ZBasic 
tmZedcor. 


NEW! TLIB™ 4.0 

VERSION CONTROL SYSTEM 

The best keeps getting better! 

The critics loved TUB 3.0: “...packed with features... 
[generates deltas] amazingly fast... [of 6 reviewed] the two 
best packages are Burton Systems’ TLIB and [a $395 pro¬ 
duct], so designated because of their ease of use, abundance 
of features, and ability to be configured...” PCTJ Sept 87 
“...has my highest recommendation." Ronny Richardson, 
Computer Shopper Aug 87 

• Many new features! Expanded keyword support. Multi-line comments. 
Branching, for multiple development lines. Extended wildcard and list- 
of-file support: creates lists by scanning source code for includes. Can 
merge (reconcile) multiple simultaneous changes and undo intermediate 
revisions. Network and WORM optical disk support. Now even faster! 

• Includes Landon Dyer’s excellent public domain MAKE (with source). 

PC/MS-DOS 2.x & 3.x JuSt $99.95 -h $3 S/h Visa/MC 

BURTON SYSTEMS SOFTWARE 

POB 4156, Cary, NC 27519 (919) 469-3068 
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Programmers Tools 


Project / Version Control 

SRMl^is one of the most complete Version Control Systems you can use 
to manage both large and small programming projects. SRMS is a set 
of 13 fully integrated utilities providing you with the following features: 

+ Store/retrieve hundreds of versions using a single source file 
+ Merge two versions resulting from parallel pn^jammer efforts 
+ Fully windowed shell interface to simplify use 
+ Full audit trail and reporting facilities 
+ Support for any programming language 

+ Ability to "bind" versions of multiple programs into one "release" 

+ Allows you to use your current editors/compilers without conflict 
+ Integrates completely with QMAKE, our Automatic System 
Generation Utility (similar to UNIX MAKE) 

+ Full typeset documentation with tutorial 


SRMS V*r*lan 3.O.... « IW 

QMAKE. $ 99 

SRMS * QMAKE.| SCO 

I 11 I T Straltord Road 

Woodbury. MN 55125 
COMPUTING (612) 739-4650 


Multi-U*«r SRMS.$250 

•SRMS has boon so carolully thought 
firough tiat it is hard to imagino a 
function or utility that is not indudod.* 

.IEEE Sofbvaro.. July 1967 
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Structure for Assembly? 

PAL adds structure to assembly language. IBM/ 
MASM compatible. Develop and debug faster 
with structured concepts. If-then-else, select- 
when-other, do while, do until, do incremental, 
all combinations, and do forever. Leave/leaveall 
loop exits, and file includes. Nest 16 deep. $50. 
LANEY SYSTEMS, INC. 

3 Office Park Drive Ste. 100 
Little Rock, AR 72211 
501-225-7755 


MULTI-TASKING TOOLKIT 

Write your ‘C’ programs with cooperating, con¬ 
current tasks using INTERWORK. Very useful for 
parallel programming, simulation, and real-time 
applications. INTERWORK supports more than 
100 tasks, provides inter-task communication 
facilities, and handles DOS interrupts. PC/DOS 
version $129, Xenix $159, Unix $249. 

Block Island Technologies 
13563 NW Cornell Road, Suite 230 
Portland, Oregon 97229-5892 
(503)241-8971 


PROFESSIONAL PROLOG TOOLS 

A power packed collection of invaluable predi¬ 
cates for speeding up Al application develop¬ 
ment. Uncompiled code supplied with copious 
examples. No royalties. (Requires Turbo Prolog). 

PRICE $79 VISA/MC/CHECK 
30 day money back guarantee. 

SANTA BARBARA RESOURCES 
P.O. Box 238 

Santa Barbara, CA 93102 
(805)683-1650 

VERSION CONTROL SYSTEM 
****NEW!TLIB”4.0!**** 

See review of TLIB V3 elsewhere in this issue of 
PC Tech Journal. The fastest, most powerful 
source code control system is now even faster , 
with many new features : Keyword substitution, 
generalized wildcard and list-of-file support, 
branching, more. DOS 2.X/3.X $99.95 $3 s/h. 
BURTON SYSTEMS SOFTWARE 
P.O. Box 4156 
Cary, NC 27519-4156 
(919)469-3068 


ASSEMBLY LANGUAGE TOOL 

VersiCREF'“ creates a sorted Master Cross-Ref¬ 
erence Listing of an entire application from the 
MASM CRF files. Pinpoints which source mod¬ 
ules are affected by changes to common PROC’s, 
variables, etc. Handles 100+ separate program 
source files. Full X-Ref or just PUBLIC symbols. 
$55MC/VISA/COD/AMEX. 

SUMMIT INFORMATION SYSTEMS INC. 

73 East Lane 
Willingboro,NJ 08046 
1-800-334-4096 (in NJ 609-871-0202) 


EditingTools 2.1 

Now you can have a slick full-screen multi-file 
text editor for only $35. Enjoy the ease of editing 
many files at once and the freedom of moving 
text among files. File sizes are limited only by 
memory. With an easily reconfigurable key¬ 
board and a convenient multidirectory DOS shell. 
Add $4 for s/h. 

Dr. Jiann Jou 
P.O. Box 460969 
Garland, TX 75046 
(214)495-8862 


TURBO DEVELOPMENT SYSTEM 

Only $39 - A complete environment for devel¬ 
oping Turbo Pascal programs. Find and correct 
all syntax errors in one pass. In many cases you 
have the option of checking only sections of your 
program. Includes built-in editor, DOS Shell 
as well as Delete, Rename and copy without 
exiting program. Not copy protected. MC & Visa 
welcome. Add $3 for S/H. 

MicroHelp, Inc. 

2220 Carlyle Drive 

Marietta, GA 30062 

(800) 922-3383 in GA (404) 973-9272 


Tech Marketplace 

The home 
of the 

Power Buyer 


PuBuc Domain 


Public Domain Software in C 

Over 140 volumes of public domain software for 
MSDOS, UNIX and CP/M. 

• small expert systems and graphics 

• editors, compilers, text formatters 

• many UNIX-like tools & misc. utilities 

Write or call for more details. Send $10 for com¬ 
prehensive directory. 

B Users' 
Group 

The C Users’ Group 
PO Box 97 

McPherson, KS 67460 
(316)241-1065 


SCEENTinC 


SCI/ENG GRAPHICS 

OMNIPLOT [S] (screen graphics) & OMNIPLOT 
[P] (plotter driver) provide integrated engineer¬ 
ing/scientific 2-D & 3-D graphics with NO PRO¬ 
GRAMMING! Menu-driven, flexible, professional. 
Choice of formats: tabular/line, contour, bar, pie, 
3-D wire frame & much more! OMNIPLOT [S] 
$195. Add OMNIPLOT [P], both $295. 
MICROCOMPATIBLES, INC. 

301 Prelude Dr. Dept. J 
Silver Spring, MD 20901 
(301)593-0683 


SCI-GRAF and SCI-CALC 

SCI-GRAF produces huge hi-res graphs thru easy 
menus or linkable C libraries. Supports log scales, 
error bars, point labeling, screen and printer 
output. SCI-CALC is a pop-up calculator with 
complete expression editing, scientific, statisti¬ 
cal, and logical functions. Requires IBM PC 
compatibility. Prices start at $79.95 . 
Microcomputer Systems Consultants 
32 West Anapamu, Suite 190 
Santa Barbara, CA 93101 
(805)963-3412 


FIRMWARE DEVELOPMENT 




C, MASM 




PROM 



LINK & LOCATE enables PC users to produce ROM-based 
firmware for 8086/87/186 from object files generated by 
popular C compilers, such as from Microsoft, Lattice and 
Borland’s Turbo C, and MASM from Microsoft, Provides full 
control of segment placement anywhere in memory. Sup¬ 
ports output of Intel HEX file for PROM programmers, Intel 
OMF absolute object file for symbolic debuggers and in- 
circuit emulators. Includes Intel compatible linker, locator, 
librarian, hex formatter and cross reference generator. $350. 

NEW! Includes utility to support PC based PROM 
programmers. 



SYSTEMS S 
SOFTWARE 


u 

z 

3303 Harbor Blvd., Cl 1, Costa Mesa, CA 92626 

Phone (714) 241-8650 FAX (714) 241-0377 TWX 910-695-01 25 
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SCIENTinC 


Security Devices 


Terminal Emulation UxiumES 


NUMERICAL C SOFTWARE 

Computationally stable numerical routines for C 
software developers. LINLIB contains complex 
arithmetic, solutions to equations, approxima¬ 
tions, LU, QR, Cholesky factors of matrices, least 
squares solutions, eigenvalues. LINLIB has 
splines, B-spline routines, spline interpolation, 
spline approximation of data. $165. 
INFORMATION AND GRAPHIC SYSTEMS 
15 Normandy Court 
Atlanta, GA 30324 
Call (404) 231-9582 


FAST FOURIER TRANSFORMS 

* Subroutine for integer data: VERY FAST. 1024 
points in 109 millisec on 8 MHz AT. 

* Subroutine for floating-point; ACCURATE. 1024 
points in 700 mS with 8 Mhz 80287. 

* Call from MS FORTRAN, C, QuickBASIC, Turbo 
Pascal, Lattice C, assembler. GREAT DOCS. 

* Check or PO: $175 ea/ $275 for both. 

J.W Hartwells Associates 

RdUte 4 Box 1540 
Hillsborough, NC 27278 
(919)732-7951 


MATRIX CALCULATOR 
Linear Program 
w/Lotus compatibility 

Programmable Matrix manipulations 
incl. System of Eqn's, Eigen analysis, 
Linear Programming, and much more. 
Read/Write 123 files. 8087 r^uired. 
w/Turbo Pascal source + linker + 
DISKUTIL at $120. 

Custom Software Development Available 
In any major language. 
Reasonable rate. 

SoftTech Inc. 

14640 LaBelle 
Oak Park, Ml 48237 

1-313-544-8544 
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Security Devices 


EVERLOCK 
COPY PROTECTION 


Designed for user-transparency, clone 
compatibility & strength. It features: 

• no need for damaged media or I/O plugs 

• supports all Hard & Floppy disk formats 

• file-server networks supported 

• variable number of installs (0-99) 

• create demos with remote unlock option 

• allows protected upgrades by modem/BBS 
$195 Starter Kit or $495 with NO meter 
counts. Free info & demo disk available. 

Az-Tech Software, Inc. 

305 East Franklin 
Suite A4A 

Richmond, MO 64085 

(800) 227-0644 . . . (816) 776-2700 
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BIT-LOCK® SECURITY 

Piracy SURVIVAL 5 YEARS proves effectiveness 
of powerful multilayered security. Rapid decryp¬ 
tion algorithms. Reliable/small port transparent 
security device. PARALLEL or SERIAL port. 
Countdown and timeout options also available. 
KEY-L0K’“ security at about BIT-LOCK cost. 
MICROCOMPUTER APPLICATIONS 
7805 S. Windermere Circle 
Littleton, CO 80120 
(303) 922-6410 or 798-7683 


Statistics 


RATS! New Version 2.10 

Full function regression, time series and fore¬ 
casting program. Multiple regressions, includ¬ 
ing stepwise. Non-linear least squares. ARIMA 
models, transfer functions & intervention anal¬ 
ysis. Exponential smoothing, spectral analysis, 
Kalman filter, model simulations and much more! 
High-quality graphics to screen, plotter, printer. 
$200-$300.Visa/MC. 

VAR Econometrics, Inc. 

PO. Box 1818 
Evanston, IL 60204-1818 
(312) 864-8772; (800) 822-8038 


PowerStat 

An extremely powerful program with a 
good user interface PC Tech Journal 

Excellent analysis of variance routines 

• Basic Statistics 

• Regression 

• Multivariate 

• Counted Data 

• Analysis of Var 


Analytical Engineering Corpdration 
P.O. Box 9, Station P, 

Toronto, Ontario, Canada M5S 2S6 
(416)960-3030 
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Terminal Emulation 


Term/Comm Productivity Tool 

PereLine emulates VT100, VT52, DG210/211, 
IBM3101 Vidtex and two connections at same 
time. Learn mode lets your PC create auto¬ 
logons and other scripts. Remote operations, exit 
to DCS while connected, customize your own 
menus and 5 file transfer protocols including 
batch file transfer Qnly $69.95 
PEREGRINE DATA SYSTEMS INC. 

5365 Baron Drive 
San Jose, CA 95124 
408-356-6105 


UTILITIES Category 

continued on 
next page 


BARR High-Performance 
RJE Workstations 


BARR/SNA RJE and BARR/ 
HASP are communications 
hardware/software packages for 
the IBM PC and P^ senes of 
computers. 

FullTeatured: 

-multiple printers, 

-unattended operation. 

-print speed beyond 6,0001pm, 
-special forms, 

-line speed to 56,000 bps, 
-dial-up or dedicated lines, and 
-serve as a LAN gateway. 
BARR/SNA RJE emulates IBM 
3777-3 in an SNA environment. 
BARR/HASP-emulates IBM 
3777-2 and HASP on the 360/20. 
BARR communications software 
is also available with PC-^YNC 
internal modems: 2()8AB, 201C, 
9600. 


Barr Systems, Inc. 

2X30 NW 41 St. BldgM 
Gainesville, FL 32:606 
800-BARRSYS or 
904-371-3050 
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MICROCACHE^ 
and SPEEDPRINT"" 


The hottest PC utilities you can get. 
Or your money back! 

MICROCACHEmonitors disk use and 
"learns" to anticipate your data accesses. 
Then, by satisfying these requests directly 
from RAM instead of disk, your programs 
run as if they are SUPERCHARGED. 

• 100% Transparent Operation 

• Uses any spare RAM available 

• EMS/EEMS memory support 

• SPEEDPRINT- buffer option 

• Requires NO program changes 

• For IBM and compatibles 
Introductory Price $89.00 l‘=^C3 



Az-Tech Software, Inc. 

305 East Franklin 
Richmond, MO 6408S 


(800) 227-0644... (816) 776-2700 

CIRCLE 376 ON READER SERVICE CARD 


Tech Marketplace 

To place your ad 
Call (212) 503-5115 


Utilities 



Hard Disk 
Partitioning 
Software 

Breaks the 
32 MB Barrier... 

EFFORTLESSLY! 


■ For PC-ATs, XTs, and compatibles. 

■ Creates multiple DOS partitions, 

up to 2,048 MB each. S MwM 

■ Supports ST412, RLL, ESDI and ^ M M 

SCSI controllers. 


"SpeedStor software makes installation simple and 
painless...Its user interface is a joy to work with." -pc week 


■ Recommended and used by major disk drive, 
controller, LAN and PC manufacturers. 

■ The industry standard: over 100,000 unitl sold. 



Now includes SpeedCache caching soft¬ 
ware and Disk Drive diagnostics ....FREE 


STORAGE 

DIMENSIONS 


The Experts in High Capacity PC Storage 


(408)395-2688 

981 University Ave. 
Los Gatos, CA 95030 
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Utilities 



^uaid Analyzer 

r fh^ 


the tool 
that created 
CopyWrite 


Now you can debug your own programs 
with a professional quality debugger - 
the one that unraveled every form of 
copy-protection used on the PC. 


With the Quaid Analyzer, you can: 

□ See occurrences of any interrupt, with its 
meaning shown on the screen. 

□ View memory as text or instructions, 
scrolling as easily as you do with an editor. 

□ Run until a memory location or I/O port is 
changed. 

□ Protect your hard disk from accidental 
destruction. 

□ Analyze software without the source, even 
when it uses countermeasures to thwart 
tracing. 

□ See all stages of the boot load. 

We kept the Quaid Analyzer off the 
market to avoid helping publishers with 
copy-protection. Now that copy¬ 
protection is gone, we can sell it to 
you. 

The Quaid Analyzer is a software tool occupying 100K bytes. It 
runs on any IBM PC and most MS-DOS systems without hard¬ 
ware modification. 


m Quaid Software Limited 


$99 U.S. 

All orders shipped aT 
our expense within a 
day. All major credit 
cards accepted. 



call (416) 961-8243 


or write to: 

45 Charles St. East 
Third Floor, Dept. 602 
Toronto, Ontario. M4Y 1S2 


Ask about Disk Explorer the program that takes over 
where Quaid Analyzer leaves off. 
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Tech Marketplace . . . 

Listings are grouped by category 
and sold by column inches. 

Call (212) 503-5115 



Introducing ARC. Ills used to create and main¬ 
tain data file archives for computers operating 
under any DOS system. ^ 

But it does something that other archive 
and library utilities cant. It automatically 
squeezes the files being saved so they 
take up less space. Like a can of con¬ 
centrated orange juice. 

From 20% to 90% less, depending on 
the kind of data being saved! 

So there’s more room to store data, 
no matter what media it!s stored on! And ^ 
that’s like giving a shot of vitamin C to 
your savings on equipment and supplies. 

This compressed data can be trans¬ 
mitted over telephone lines in a lot less 
time than it takes to transmit uncom- ;^||| 
pressed data. So you can beat the high 
cost of phone bills to a pulp, as well. 

ARC has a full range of functions for archive 
creation and maintenance. Including password 
encryption to protect data from unauthorized use. 

Typi cal Compre ssion Rates 

^ Program^^"’"*! ASCII I""" 
files I _ I text I _ 
20% to Iw/)-. .-150% to I C 
30%. l&Vw;i60%, 


Spread¬ 
sheets 
50°.o to 
90%. 


® ^ ^ 

System Enhancement Associates • 21 New Street, Wayne, NJ 07470 • (201)473-5153 
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RECORD/PLAYBACK KEYSTROKES 

TOTAL RECALL records an unlimited number of 
keystrokes and plays them back after a failure 
or mistake. Also for demos, running interactive 
programs in batch, or repeating keystrokes. 3 
playback speeds plus ACTUAL for timing sen¬ 
sitive programs. Built-in edit. PC/XT/AT/Com- 
pat. $79 VISA/MC 30 day guarantee. 

Computer Foundations 
2604 Elmwood Avenue, Suite 320 
Rochester. NY 14618 
(716)586-9756 


Ammunition to conquer 
your biggest problems! 



• The Virtual Expanded Memory Manager 
provides your EMS applications with up to 
eight megabytes of expanded memory. 

• It turns PC/AT extended memory into 
expanded memory. 

• It turns hard disk storage into expanded 
memory. 

• It's compatible with most EMS applications, 
including 1 -2-3, Symphony, and Reflex. 

• Only $89.95. 30-day money-back guarantee. 




Fort’s Software 
P. O. Box 396 
Manhattan. KS 66502 
(913) 537-2897 
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-fl-I I. 

AM Li rr lyi ivo 


Run any program, DOS command or batch 
file from a simple menu with the touch of a 
key. Create menus easily with a built-in 
menu generator. Features a powerful on-line 
help system, password protection, support 
for customizing menu selections with special 
prompts, help and program directives. Also 
includes function keys for locating lost files, 
viewing directories, copying files, and more. 
Site licenses available. PC/XT/AT $59.95 
PC Dynamics, Inc. 

31332 Via Colinas, Suite 102 
Westlake Village, California 91362 
(818) 889-1741 
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Uteuties 

mmm 

DISK ACCELERATOR V2.0 

DiskCache speeds up your hard disk access. Disk 
caching and ram disk in one package. Ram disk 
shares cache space. Transparent, flexible, con¬ 
figurable, no h/w changes. RAM, EMS, and AT 
extended memory versions incl. Not copy pro¬ 
tected. VISA, MC, volume discounts. No PO’s 
w/o prior approval. $49.00 
DATAMORPHICSLTD., 

RO. Box 820 

Stittsville, Ontario, Canada KOA 360 
Or call (613) 836-2670 


PTree space on 

I FULL DISKS WITH 



Get megabytes of extra disk space 
without the expense or effort of 
installing a new hard disk. 

I Squish even lets other software 
(dBASE III, R:base. etc.) read or 

I update compressed files while they 
stay compacted on disk ... without 
any software changes! That’s right, 
without expanding one byte on disk! 

A must for databases ... compress 
them up to 90%! Reduce text files, 
spreadsheets, etc. up to 60%. 

“Ideal for.. .large data files” 

PC Magazine 2/24187 
“You owe it to yourself.. .check this 
one out ■ ’ NYPC Newsletter Feb 87 

PC/XT/AT-DOS 2.0 & up*40K resident 
Order today! Just $79 + $5 S/H: 


SunDog Software 
Corporation 
(718) 855-9141 

264 Court St. Brooklyn. NY 11231 
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PURGE UNWANTED FILES 

With TrashMan, delete or archive files you don’t 
need. Screen lists files, you mark D or A. Can see 
into files first. MS DOS functions for safety. 
Screen makes it easy to use. Shows running to¬ 
tal of space recovered. Not copy protected. 
$49.95. 

CAadd6% 

Inland Associates 

400 North Mountain Avenue #239 

Upland, CA 91786 

(714)981-7935 


XT/AT HARD DISK DIAGNOSTICS! 

Disk Manager Diagnostics performs extensive 
tests on your ST412/506 hard disks. Areas tested 
are: Controller, data write/read, seek test, auto¬ 
matic error correction(ECC), random reads and 
media defects. Interactive help. Excellent error 
detection and isolation. $49.95 + ship. 
VISA/MC accepted. 

ONTRRCK 

COMPUTER SYSTEMS INC. 

ONTRACK COMPUTER SYSTEMS, INC. 

6222 Bury Drive 
Eden Prairie, MN 55344 
(612)937-1107 1-800-752-1333 


VIEW ANY DOS FILE 

View, print, modify, or search the contents of any 
file. File Dump 2.0 lets you view a file continu¬ 
ously or as fixed length records. Record lengths 
up to 50K are supported. Select any record. 
Search and update in hex and ASCII. Prints 
mainframe-style dumps. Search & modify. EXE 
files easily. $49.95+$4 s/h. CT add 7.5 
LASOR Computer Specialists 
P.O. Box 5137 
Rocky Hill, CT 06067 
(203)721-0261 


TurboKET I.I-THE ULTIMATE 
KEYBOARD MACROPROCESSOR 


Features a powerful Macro Command 
Language w/over 1000 intelligent 
macrokeys & 40 plus MCL commands and 
functions (IF-ENDIF, FOR-NEXT, IN¬ 
PUT, CALL. GOTO, etc.) ■ Outline utili- 
tie.s include: File Browser • Data Encryptor 
• Typewriter & Printer Control • DOS 
Command Stack • Screen Protector • Key¬ 
board L(Kk • Cursor Accelerator. 
TurboKEY also lets you integrate your own 
TSR routines to run under control of macros 
& pull-down menus • Create custom online 
help, alternate KB layouts • And much more. 
$69.95 $5 S/H Chk/MO/COD 30 Day 

Guarantee * Dealers Invited. 

SOFTLAND International 
P.O. Box 1040 Midtown Station 
New York, NY 10018 
(212) 295-5457 
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AT’s DON’T NEED 360KB DRIVES 


The 1.2MB drive has long been known to READ but NOT reliably 
WRITE on 360KB floppies. With “CPYAT2PC” 1.2MB drives CAN 
reliably WRITE 360KB floppies saving a slot for a second hard 
disk or backup tape. “CPYAT2PC” (Not Copy Protected) offers 
the preferable SOFTWARE SOLUTION. 


• NO software or hardware modification 

• A 360K drive is NOT required 

• “CPYAT2PC” program MAY reside on hard disk 

• Runs on IBM PC/AT and COMPATIBLES 

i.e. Compaq Deskpro 286/386, AT&T 6300 + , 

HP Vectra, Sperry PC/IT, Tandy 3000 
Only $79.00 + $4.00 S/H VISA, MC, COD, UPS-B/R 
ORDER TOLL FREE 1-800-621-0851 XT777 
TELEX EZLINK 62873089 
Dealer Inquiries Invited 

■-’ MICROBRIDGE COMPUTERS 

655 Skyway #125 
San Carlos, CA 94070 
CA 415-593-8777 
NY 212-334-1858 

CIRCLE 384 ON READER SERVICE CARD 


Compress Your Data 10X FASTER!! 


• PKARC & PKXARC can significantly INCREASE DISK STORAGE CAPACITY 

and reduce file transfer times! 

• PKARC & PKXARC can compress your files even smaller and up to 
TEN TIMES FASTER than the other ARChive program. 

• Data encryption capability too! Not copy protected. 

• “PKARC/PKXARC is the system to use.” -Dr. Dobbs Journal of Software 

• “Lightning-fast”, INFOWORLD 
Only $45 + 3.50 s/h. Wl res. add 5% sales tax. 

7032 N. Ardara Ave., Glendale, Wl 53209 (414) 352-3670 


CIRCLE 385 ON READER SERVICE CARD 


>K STORAGE CAPACITY ■ 

mailer and up to I 
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MARKETPLACE is a 

special economical 
section for product and 
service listings. 

Listings are grouped by 
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column inches. 

Second color option 
available. 

Standard Directory 
Listings are also available 
for a minimum of 3 issues 
at $170 per issue 
($510 total). 
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SOFTWARE/UTILITIES—MISCELLANEOUS/DATA CONVERSION 


TECH MARKETPLACE 

THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


Utblitbes 


HARD DISK EXPANSION! 

Disk Manager allows the installation of any 
ST506 hard disk on PC,XT,AT and compatibles. 
Volumes up to 256mb! Menu driven/auto in¬ 
stall, compatible w/ all vers of MS/PC DOS (does 
not modify DOS), up to 16 volumes, easy to use! 
$125+ ship. Ask about Novell product! Dealer 
inquiries invited. 

QNTRACK 

COMPUTER SYSTEMS INC. 

ONTRACK COMPUTER SYSTEMS, INC. 

6222 Bury Drive 
Eden Prairie, MN 55344 
(612)937-1107 1-800-752-1333 


Miscellaneous 


Bar Coding 


BAR CODE & 
MAGNETIC STRIPE 
READERS 
for the IBM PC&AT 

Simple & quick installation 
No additional software or port 
Metal wand & case 
Also available: 

Bar code printing software 
Magnetic stripe encoders 
Units for other computers & terminals 
GSA approved 

TPS ELECTRONICS 
4047 Transport Street 
Palo Alto, CA 94303 

Telephone: 415-856-6833 

Telex: (Graphnet) 371-9097 TPS PLA 
FAX: 415-856-3843 
CIRCLE 386 ON READER SERVICE CARD 


BAR CODES 
MADE EASY 


PERCON^ E-Z-READER^^ 

FAST • ACCURATE • RUGGED 

NO SOFTWARE CHANGES with PC/ 
XT/AT and PS/2. AT&T 6300/7300. 
Wyse 30/60/85/PC/AT. Kimtron KT-7/ 
PC, Link PCTerm/MCI /MC3, TeleVideo 
PCSI/905/955 & DEC VT220 key¬ 
boards, mulD-user RS-232 interfaces. 

• Immediate shipment 

• Free phone support 

• 2-year warranty 

• Bar code printing software 
available 

Details or Questions? Call us. 

(503) 344-1189 

7190 W nth Ave.. Eugene. OR 97402 

A LEADER IN BAR CODE READER EMGINEERING 


PERCON 



Business 

Opportunities 

FIFTY PERCENT OF PROFITS 

We want to publish your subroutine package 
written in C, Pascal, Modula-2, COBOL, FOR¬ 
TRAN, PL/I, and MASM. Also, templates or 
skeletons or data for applications. Send a one 
page brief and $12 for an immediate appraisal, 
our requirements, current needs, and a sample 
contract for 50% royalties. 

Software Components International, Inc. 

323 East William-Suite 236 
Ann Arbor, Ml 48104 
(313)663-6140 


Computer 

Insurance 


Insures your computer. Safeware 
provides full replacement of hardware, 
media, and purchased software. As little 
as $39 a year provides comprehensive 
coverage. With our blanket coverage, no 
lists of equipment are needed. One phone 
call does it all! Call Sam - 10pm ET 
Monday thru Friday. (Sat. 9 - 5) 
SAFEWARE, The Insurance Agency Inc. 
2929 N. High Street, P.O. Box 02211 
Columbus, Ohio 43202 
800-848-3469 National 
614-262-0559 Ohio 

CIRCLE 387 ON READER SERVICE CARD 


Data Conversion 

TAPE/DISK CDNVERSIDNS 

Conversion services to or from over 800 com¬ 
puter systems: 

• Magtapes 

• Micro Computers 

• Mini Computers 

• Word Processors 

• Typesetters 

Our conversion capabilities surpass most in the 
industry. 

PIVAR COMPUTING SERVICES, INC. 

165 Arlington Hgts. Rd.#T 
Buffalo Grove, IL 60089 
[312)459-6010 


Tech 

Marketplace... 

The comprehensive 
guide to products 
and services for 
the MS DOS market. 
To place your ad 
Call 

(212) 503-5115 


PRODUCT 

CATEGORIES 

HARDWARE 

ACCESSORY CARDS 

MASS STORAGE 

COOLING DEVICES 

PERIPHERALS 

COMMUNICATIONS 

SECURITY DEVICES 

COMPATIBLES 

USED EQUIPMENT 

GENERAL 

SOFTWARE 

ARTIFICIAL 

INTELLIGENCE 

BUSINESS 

COMMUNICATIONS 

DATA BASE 

PUBLIC DOMAIN 

SCIENTIFIC 

SECURITY DEVICES 

STATISTICS 

MANAGEMENT 

TERMINAL EMULATION 

EDUCATIONAL 

UTILITIES 

ENGINEERING 

WORD PROCESSING 

EXPERT SYSTEMS 

FINANCIAL 

MISCELLANEOUS 

GENERAL 

ACCESSORIES 

GRAPHICS 

BAR CODING 

LANGUAGES 

MULTI/USER SYSTEMS’ 

NETWORKING 

OPERATING SYSTEMS 

PROGRAMMERS TOOLS 

BUSINESS 

OPPORTUNITIES 

COMPUTER INSURANCE 

DATA CONVERSION 

PUBLICATIONS 

SUPPLIES 

FOR ADDITIONAL INFORMATION 

CALL (212) 503-5115 

Advertising Director 

Senior Advertising Manager 

Kathryn J. Cumberlander 

Lisa B. Stick 

Sales Manager 

Advertising Manager 

Daniel L. Rosensweig 

Stanley H. Robinson 
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RS# PRODUCT 


ADVERTISER 


IBM and COMPATIBLE PCs 

ALR Access 386 
IBM PC Compatible 
Multifunction 

Compaq Computer Products 
Hertz line of PC’s 
Compatibles 

MINICOMPinrERS 

3B Minicomputers 


Advanced Logic.Cover 5 

AST Research.57-62 

Compaq.33-40 

Hertz Computer Corp.123 

PC Direct.28 


AT&T Information 
Systems.152 & 153 


MUinFUNCnON/MEMORY CARDS 

Memory Board AST Research.42 

Product X Orchid Technology.105 


The Quad Meg PSQ ( 

GRAPHICS SYSTEMS/CARDS 

VIP Graphics / 

Video overlay/CGA ¥ 

PC 1281 A 

Paradise Systems F 

VIVA 2000, 20002 & 1280 C 

Tektronix Graphic System I 

Vega Deluxe \ 

DESKTOP PUBLISHING 

PS/2 Desktop Publishing I 

MASS STORAGE HARDWARE 

9 Track T^e ^stem A 

9 TRACK TAPE SYSTEM C 

Nine Track Tape F 

“LEO” Ii 

Speedstor A 

9 Track Micro-Mainfirame C 

Connection 

Winchester Hard disk I 

Back Up Systems 3 

PRINTERS-PLOTTERS 

Laser Beam Printer C 

Tektronix Printers 1 

MODEMS 

Smartmodem 2400 F 

Courier t 

DATA ACQUISITION 

Catalogue Ii 

DIGITIZERS 

Digitizers S 

MONITORS 

Monitor ^ 

Sigma VGA S 


Quadiam.24 


ATI Technologies.84 & 85 

K Systems Inc.282 

Matrox.165 

Paradise Systems.103 

QDP Computer Systems.119 

Tektronix Inc.48 & 49 

Video 7.202 


A.K Systems.134 

Catamount Corporation.229 

Flagstaff En^eering.180 

Innovative Data Teoi.231 

Maxtor.211 

Overland Data, Inc.16 

Tandon.171 & 172 

3M.150 & 151 


Canon USA Inc.218 & 219 

Tektronix Inc.76 


Hayes Microcomputer.181 

US Robotics.198 


Interactive Microware.232 


Science Accessories Corp.70 


NEC Home Electronics.86-89 

Sigma Designs Inc.217 


MICRO-MINI MAINFRAME COMMUNICATIONS 

KB 3270 Keytronics International.183 

Tempus-Share Micro Tempus Inc.142 

Relay 3270 VM Person^ Computer.74 


LOCAL AREA NETWORKS 

3-N-l 

Lan Report #7 


Attachmate Corporation.193 

Novell.200 


OTHER COMMUNICATION HARDWARE 

Digiboard COM/XI Digiboard Inc.132 

Stargate OC8000 Stargate Technologies.212 

COMMUNICATION SOFTWARE 

PROCAM Complete PC.26 

Crosstalk Crosstalk Comm.Back Cover 

CC Express Meridian Technology.194 

SCIENTmC/ENGINEERING SOFTWARE 

EE Designer Visionics Corporation.228 

APPUCAnON SOFTWARE 

Quik-Pros ONE International.21S 


LANGUAGES 

Prolog Compiler 
“Upgrade Profort” 

Pascal, Basic, Prolog 
ECO-C88 C Compiler 
The Weiner Shefl 
Lattice Services 
Modula 2 
Egghead Software 
Microsoft “C” 

Langu^e Newsletter 
Cross Development Tools 
Brief 

True Basic 


ONE International.215 

Tccdata.184 


Arity Corporation.213 

Austec, Inc;.149 

Borland Inti. .. Front Gatefold Cover 

Ecosoft Inc.179 

Gryphon Microproducts.231 

Lattice, Inc.185 

Logitech Inc.72 

Microsoft Corporation.203 

Microsoft Corporation.201 

Microsoft Corporation.17 

Oregon Software.229 

Solution Systems.12 

True Basic Inc.158 


PROGRAMMER’S TOOLS 

PC AT ADA Compiler 
Tlirbo Ghost Writer 
Mini Probe 
PC Probe 
C Tools Plus 
Tbrbo C 
PC Tools 
PROCAM 
Vitamin C 
Quick Pak/Qbase 
WrsiEdit 
Concurrent DOS 
The EXIM Toolkit 
R-Tree/C-Tree 
Flowchart 
llirbottalo 
^silon 

CTREE QUERY 

Help/Control 

MetaWindow 

386 Compiler 

Screenio 

C-Scape 

Microsoft Cross C 

Opt-Tech Sort & Scroll 

Cross Development Tools 

Programmers Tools 

Periscope 

The Norton Editor 

B Trieve 

Demo Program 

Hi^ Screen XL 

“Keep Out” Slate System 

WKSUbrary 

Windows for Data 

UI Programmer 

XO-Shell 


SOFTWARE UTILITIES 

DMS Resident-C+ASM 
ellie 

Screenio 


Alsys, Inc.127 

ASCII.18 

Atron.14 

Atron.20 

Blaise Computiim.15 

Borland Inu. .. Front Gatefold Cover 

Central Point Software.22 

Complete PC.26 

Creative Programming.145 

Crescent Software.2l4 

CyberTech.147 

Digital Research.6&7 

Exim Services... .114 

Faircom.115 

Haventree Software.116 

International Computer.129 

Lugaru Software.180 

Machine Independent.l6l 

MDS, Inc.178 

Metagraphics Software.215 

MetaWare.224 

Norcom.148 

Oakland Group.220 

Oasys. Inc.182 

Opt Tech Data Processing.4 

Oregon Software.229 

PC Brand.135-137 

Periscope Con^any.5 

Peter Norton Computing.126 

Softer^.8 

Software Garden.170 

Softway Inc.231 

Symmetry Group.26 

Tenon Software.229 

Vermont Creative.19 

Wallsoft Systems Inc.121 

WYTE Corp.146 


American Software.221 

Elf Software.231 

Norcom.148 


EXPERT SYSTEMS/AI SOFTWARE 

PC Scheme Texas Instruments.68 


GRAPHICS SOFTWARE 

Graph C 4.0 and VTEK 4.0 


Scientific Endeavors.232 


DATA MANAGEMENT SOFTWARE 

Magic PC Aker Cqiporation.133 

D BASE Ashton ISte.138 & 139 

Dataease Dataease Int’l.204 & 205 

MDBS in Micro Data Base Systems.167 

R:Base MICRO RIM...154 & 155 

Clipper Nantucket Corporation.169 

Prof^ional Crack Oracle Corp.11 

DB Vista Raima Corp.31 

ZIM Zanthe.95-98 


OPERATING SYSTEMS 

OS/286 and OS/386 
Top Dos 

AMX Multi Tasking 
Micrqport UNIX 
MKS fool Kit, AWK 
DESKview 
PC-MOS 


PUBUCAnONS 

Improve your Memory 


OTHER SERVICES 

Recruitment 
Breakthru 286 


SECURITY DEVICES 

Software Sentinel 


MAILORDER 

Mail Order 
Mail Order 
Mail Order 
Mail Order 
Mail Order 
Mail Order 
Mail Order 
UNLock 


AI Architects.191 

Frontrunner.130 

Kadak Products LTD.232 

Microport.178 

Mortice Kem Systems.10 

Quarterdeck Office System.196 

Softv^^e Link.107-109 


Addison Wesley Pub.148 


Personal Computer Support .... 101 


Rainbow Technologies, Inc.221 


Byte Connection, Inc..224 

MicroWay. 237 

Programmer’s Connection ... 45-47 

Programmer’s Paradise.235 

Programmer’s Shop. 50 

Programmer’s Shop.131 

Scantel Systems Ltd.236 

TranSec Systems Inc.234 
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CALENDAR 



NOVEMBER 

November 2-6 
COMDEX/FaU 

Las Vegas, NV (The Interface 
Group, Inc.) Contact: The Inter¬ 
face Group, Inc., 300 First Ave¬ 
nue, Neeclham, MA 02194; 
617/449-6600 

November 2—4 
DPMA Computer Conference 
San Francisco, CA (Data Process¬ 
ing Management Association) 
Contact: DPMA, 505 Busse Hwy., 
Park Ridge, IL 60068-3191; 
312/825-8124 

November 9-11 
Symposium on Operating Sys¬ 
tem Principles 

Austin, TX (acm sigops) Contact: 
Les Belady, MCC, 9430 Research 
Blvd., Echelon Bldg. 1, Suite 
200, Austin, TX 78759; 
512/834-3330 

November 9-12 
Mapping and Geographic Infor¬ 
mation Systems ’87 
San Diego, CA (National Com¬ 
puter Graphics Association) 
Contact: NCGA, 2722 Merrilee 
Drive, Suite 200, Fairfax, VA 
22031; 

703/698-9600 

November 9-12 
ICCAD-87 

Santa Clara, CA (ieee-cs) Contact: 
International Conference on 
Computer-aided Design, ieee-cs, 
1730 Massachusetts Ave. NW, 
Washington, DC 20036-1903; 
202/371-0101 

N<wember 11-13 
Localnet ’87 

Los Angeles, CA (Online Interna¬ 
tional) Contact: Online Interna¬ 
tional, Inc., 989 Avenue of the 
Americas, New York, NY 10018; 
212/279-8890 

November 11—13 
Optical Publishing and Storage 
New York, NY (Learned Informa¬ 
tion) Contact: Learned Informa¬ 
tion, Inc., 143 Old Markon Pike, 
Medford, NJ 08055; 609/654-6266 


November 17-19 
Wescon ’87 Electronics Show 
San Francisco, CA (ieee and ERA) 
Contact: Alexes Razevich, Wes¬ 
con ’87, P.O. Box 92275, Los 
Angeles, CA 90009-2275; 
213/772-2965 


DECEMBER 

December 1-3 
Realtime Systems Symposium 
San Jose, CA (ieee-cs) Contact: 
Prof Kang G. Shin, Dept, of EE 
and CS, University of Michigan, 
Ann Arbor, MI 48109-1109; 
313/763-0391 

December 1-3 
Optical Information Systems ’87 
New York, NY (Conference Man¬ 
agement Corporation) Contact: 
Meckler Publishing, 11 Ferry 
Lane W, Westport, CT 06880; 
203/226-6967 

December 6-9 
International Conference on 
Information Systems 
Pittsburgh, PA (Society for Infor¬ 
mation Management) Contact: 
William D. King, Graduate 
School of Business, University of 
Pittsburgh, Pittsburgh, PA 15260; 
412/648-1587 

December 7-8 

Fault Tolerance in Parallel and 

Distributed Computing 

San Diego, CA (ieee-cs) Contact: 

Prof Miroslan Malek, Dept, of 

EE and CE, University of Texas, 

Austin, TX 78712; 512/471-5704 

December 7—9 
National Connectivity Sympo¬ 
sium on LAN and Links 
Washington, DC (Digital Consult¬ 
ing, Inc.) Contact: Seminar Ser¬ 
vices, 6 Windsor Street, Ando¬ 
ver, MA 01810; 617/470-3880 

December 14—16 
Winter Simulation Conference 
Atlanta, GA (ieee-cs) Contact: 
Hank Grant, Factrol, Inc., 1305 
Cumberland Avenue, P.O. Box 
2569, West Lafayette, IN 47906; 
317/463-5559 


December 16—18 
Microcomputer Graphics ’87 
New York, NY (Expoconsul In¬ 
ternational) Contact: Expoconsul 
International, Inc., 3 Indepen¬ 
dence Way, Princeton, NJ 08540; 
609/987-9400 


JANUARY 

January 5-8 

Hawaii International Conference 
on System Sciences 
Kailu-Kona, HI (ieee-cs) Contact: 
Ralph H. Sprague, Jr., Decision 
Sciences Dept., University of 
Hawaii, 2404 Maile Way, E-303, 
Honolulu, HI; 808/948-7430 

January 13-15 
Design Automation Workshop 
Appache Junction, AZ (ieee-cs) 
Contaa: Walling Cyre, Control 
Data, HQM 173, P.O. Box 1249, 
Minneapolis, MN 55440; 
612/853-2692 


FEBRUARY 

February 8-11 
UniForum ’88 

Dallas, TX (The International 
Network of UNIX Users) Con¬ 
taa: UniForum ’88, 2400 E. 
Devon Avenue, Suite 205, Des 
Plaines, IL 60018; 800/323-5155; 
312/299-3131 

February 16-18 
DEXPO East ’88 Conference 
New York, NY (Expoconsul In¬ 
ternational) Contaa: Expoconsul 
International, Inc., 3 Indepen¬ 
dence Way, Princeton, NJ 08540; 
609/987-9400 

February 22-24 
Computer Graphics New York 
New York, NY (Exhibition Mar¬ 
keting and Management, Inc.) 
Contaa: EMM, Inc., 8300 
Greensboro Drive, Suite 1110, 
McLean, VA 22102; 703/893-4545 

February 23-25 
Computer Science Conference 
Adanta, GA (ACM) Contact: Dr. 


Richard A. DeMillo, Program 
Chairman, Software Engineering 
Research Center, Georgia Insti¬ 
tute of Technology, Adanta, GA 
30332; 404/894-3180 


MARCH 

Mardi 7-10 
Computer Workstations 
Santa Clara, CA (ieee-cs) Contact: 
Patrick Mantey, 335A Applied 
Science Bldg., Dept, of Com¬ 
puter Engineering, University of 
California at Santa Cruz, Santa 
Cruz, CA; 408/429-2158 

March 8-11 

International Seminar on Digital 
Communications 
Zurich, Switzerland (ieee-cs) 
Contact: Secretariat IZS 88, do 
P. Gunzburger, Hasler AG, TDS, 
Belpstrasse 23, CH-3000, Bern 
14, Switzerland; 41-31-632808 

March 20-24 
NCGA Annual Conference 
and Exhibition 
Anaheim, CA (National Com¬ 
puter Graphics Association) 
Contact: NCGA, 2722 Merrilee 
Drive, Suite 200, Fairfax, VA; 
703/698-9600 

March 21-23 

Computer Standards Evolution: 
Impact and Imperatives 
Arlington, VA (ieee-cs) Contaa. 
Computer Standards Conference, 
IEEE, 1730 Massachusetts Avenue, 
NW, Washington, DC 20036-1903; 
202/371-0101 

March 21-25 
World Users Conference 
Los Angeles, CA (MacNeal- 
Schwendler Corporation) Con¬ 
tact: The MacNeal-Schwendler 
Corporation, 815 Colorado 
Blvd., Los Angeles, CA 90041; 
213/258-9111 

March 28-31 

World Congress on Computing 
Chicago, IL (The Interface 
Group, Inc.) Contact: The Inter¬ 
face Group, Inc., 300 First Ave¬ 
nue, Needham, MA 02194; 
617/449-6600 I Minmiiii ^1 
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ILLUSTRATION'DAVID POVILAITIS 






Use these reader service cards to get 



about the products and services 
in this issue of TECH JOURNAL 

Learning more about a product that’s advertised or mentioned in an article 
in this month’s issue is as simple as 1-2-3. And absolutely free. 


1 Print or type your name 
and address on 
the attached card. 

Use only one card per person. 


2 Circle the numbers on the card that 
correspond to the numbers at the bot¬ 
tom of the advertisements or articles 
for which you want more information. 


3 Simply mail the card, 
and the literature 
will be mailed to you free 
of charge by the manufacturer. 


(Key numbers for advertised products also appear in 
the Advertisers’ index.) 



101 116 131 146 161 176 

102 117 132 147 162 177 

103 118 133 148 163 178 

104 119 134 149 164 179 

105 120 135 150 165 180 

106 121 136 151 166 181 

107 122 137 152 167 182 

108 123 138 153 168 183 

109 124 139 154 169 184 

110 125 140 155 170 185 
171 186 


Are you involved in the purchase 
of microcomputers and related 
products for : 

I Your company or 
organization? 

AQYes bQNo 

2 Your client companies or 
organizations? 
cDYes dDNo 

3 Are your planning to purchase 
in the next 6 months? 
eQ Applications LAN’s 

Development Micro- 

»=□ Data Mainframe 

Management ' □ PC Systems 


111 126 

112 127 

113 128 

114 129 

115 130 145 160 


141 156 

142 157 

143 158 

144 159 


172 187 

173 188 

174 189 

175 190 


191 206 

192 207 

193 208 

194 209 

195 210 

196 211 

197 212 

198 213 

199 214 

200 215 

201 216 

202 217 

203 218 

204 2,19 

205 220 


221 236 

222 237 

223 238 

224 239 

225 240 

226 241 

227 242 

228 243 

229 244 

230 245 

231 246 

232 247 

233 248 

234 249 

235 250 


251 266 

252 267 

253 268 

254 269 

255 270 

256 271 

257 272 

258 273 

259 274 

260 275 

261 276 

262 277 

263 278 

264 279 

265 280 


281 296 

282 297 

283 298 

284 299 

285 300 

286 301 

287 302 

288 303 

289 304 

290 305 

291 306 

292 307 

293 308 

294 309 

295 310 


311 326 

312 327 

313 328 

314 329 

315 330 

316 331 

317 332 

318 333 

319 334 

320 335 

321 336 

322 337 

323 338 

324 339 

325 340 


341 356 

342 357 

343 358 

344 359 

345 360 

346 361 
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Follow the instructions 
on the reverse side of 
this card to 
receive advertisers’ 
product information. 
FREE. 



SUBSCRIBE 
NOW! 


Now’s an ideal time to 
consider having us start 
you as a PC Tech Journal 
subscriber. 

13 issues cost you only 
$26.70... a savings of 50% 
off the single copy price. 
Sj^cial PC Tech Journal 
Directory published in 
November included with 
your subscription! Just 
check the box at the 
bottom of the reply card. 
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Announcing the first second- 
generation 80386 systems. 

Starting at $1990. 



Last year, Advanced Logic 
Research introduced the first 
80386 systems. Now we’re 
introducing the ALR 386/2™ 
the second generation. 

Until now, if you wanted three times 
the speed of an AT™ you paid about three 
times the price of an AT. Now Advanced 
Logic Research announces second-genera¬ 
tion 386 systems—designed to do to the 
price barrier what our first 
generation did to the 
performance barrier. 

Annihilate it. 

Starting at $1990, 

ALR’s totally new 386/2 
systems couple the 
power of 32-bit processing with true 32- 
bit memory. Even the system and graphics 
BIOS are implemented in a 32-bit 
architecture. That simply means your 
applications will run faster on a 386/2 
than any other available 
computer. And ALR 386/2 
systems let you use all the 
peripherals, graphics. 



disks and controllers with 1:1 interleaving, 
just like Advanced Logic Research. But 
they don’t buffer a full 17-sector hard disk 
track, settling for sector by sector buffering. 
Our way makes the fastest even faster 
where it counts— in the real world. 

And with up to 2 MB of RAM on the 
motherboard, you get flexibility with 
your power. 

Naturally the raw speed of the 80386 
means the 386/2 series make great EGA 
graphic workstations 
for CAD/CAM. Or 
choose enhanced 
EGA^*'" or GA 786^'*^ 
graphics from ALR 
and a variety of 
sources and get the 
most advanced resolutions available. 

You can even run up to nine applica¬ 
tions at once. Without memory limitations. 
Because all enhanced ALR systems 
include the bestselling multitasking soft¬ 
ware Desqview,™ as well as QEMM™ an 
EMS management utility. 



A full range of high-performance 
communications, memory and storage 
enhancements are available from ALR. 


I Advanced 
Logic 
Research 
$4389 

I IBM 
$6995 

Compaq 

$7094 





The 386/2 series makes the 
best use of floor or desk space .' 



Speed to burn. Without having 
money to burn. 

Read the reviews and compare the 386/2 
to the others. Then compare more. If 
you find more power, fiexibility and quality 
somewhere else, buy somewhere else. 

You won’t find a more competitive price 
anywhere else—the ALR 386/2 Model 10 
delivers 80386 power and 1 MB of RAM 
for $1990 and includes a 1.2 MB floppy disk 
drive and controller. Models with hard 
^ disk storage to 130 MB and included 
h EMS and multitasking software 
I reaffirm ALR’s ability to define 
leading edge performance. At 
leading edge prices. 


The ALR 386/2 Model 40 with EGA adapter is 
similar to the IBM Model 80-041 and Compaq 
Deskpro 386Model 40 with EGA adapter. Except 
for a lower price and twice their standard RAM. 

Advanced Logic Research. 

Faster, first. 

Advanced Logic Research got its start 
designing high-performance microcom¬ 
puters for customers that demanded 
more power than they could get off the 
shelf. We designed one of the first IBM 
PC-compatibles. Developed the enhanced 
performance AT-compatible PC Maga¬ 
zine called “... the most judicious 
choice...” And introduced the first 386 
system, which PC Tech Journal said 
“... brings up-to-date technology to 
affordable 386 systems!’ 

Our complete line of performance XT 
and AT-compatible systems offers the 
advanced technology of one of the world’s 
most experienced PC design teams and a 
growing international network of ALR 
dealers chosen for their ability to deliver 
full service and support. Simply more, 
for less. 

Call Advanced Logic Research today for 
the name of your local ALR dealer. And 
discover the price of power isn’t as high 
as it used to be. 


’ enhancements and applica¬ 
tions developed for the most 
widely adopted computer operating en - 
vironment in history. 

Which makes you wonder why others 
want thousands more for less flexible, 
first-generation 386 systems. 

How to run circles around the 
competition. 

Sure, Compaq and IBM use 
the fastest available hard 

Advanced Logic 
_ Research 

Compaq 
■I IBM 

Specifications, configurations and prices subject to change without notice. Copyright 1987 Advanced Logic Research. All rights reserved. 

386/2 and GA 786 are trademarks of Advanced Logic Research, Inc. AT a trademark of International Business Machines Corp. Desqview a trademark of Quarterdeck Office Systems. Phoenix a trademark of Phoenix Technology, Ltd. 

Circle No. 116 for Re-seller, No. 121 for End-user. 



Advanced Logic Research, Inc. 

10 Chrysler, Irvine, CA 92718 (714) 581-6770 
FAX: (714) 581-9240 TELEX: 5106014525, 

Answer back Advanced Logic 

From Asia or Europe call ALR/Wearnes Technology 

Phone: (65)2592521 TELEX: RS38113WRNTEC 


















Whatever dialect of IBM you need to speak, 
CROSSTALK® Mk. 4 makes the connection. 

Now, one program does the job that used to require several. 
CROSSTALK® Mk. 4 allows high-speed direct communications 
between PCs and minicomputers, or (with an IRMA™ board) 
between your PC and an IBM Mainframe, or (with Smart Alec™) 
between your PC and IBM System 3x’s. If you like, CROSSTALK 
can support all of these sessions (and others) simultaneously, 

S, and display each session in its own window. 

I CROSSTALK Mk. 4 emulates all the terminals you’re likely 

to find useful. That includes IBM 3101 (page and character 
modes), IBM 525x, IBM 529x, IBM 327x, as well as many 
popular async terminals like the DEC VTIOO and VT220 
III series. CROSSTALK Mk. 4 includes the powerful CASL™ 

programming language, which allows you to automate 
communications applications quickly and easily. 

So if you’re used to thinking of CROSSTALK just to 
use with a modem, you’re missing some important 
connections. Ask your dealer for details, or write: 

CbGCSI* Digital Communications Associates, Inc. 

1000 Holcomb Woods Parkway / Roswell, Georgia 30076 
1-800-241-6393 


CRO^UALK 


VJL/ 

CROSSTALK and DCA Me registered tradem^ks of Digital Communications 
Associates, Inc. IRA(A,'WaA Alec and CASL ar^ trademarks of Digital Communi¬ 
cations Associates, Inc. IBM is a registered trademark of International Business 
Machines Corp. DEC is a registered trademark of Digital Equipment Corp. 
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